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FOREWORD 


Jwelopment  process 

that  occurred  under  a  series  of  taci’e  ^  f  Integra)  stiffened  panels 
conducted  from  1974  throlgh  1983  Ser^J  r  ^he  work  was 

program  manag^s!"and^ technical*fabricatiM‘*Jctlvit''‘^''“^*  Company  were  the 
the  direction  of  Mr.  R.  J.  pJimer  lateJiSu  accomplished  under 

contributors  to  the  Douglas  activities  IIJJ  mJ  Principal 

Hr.  R.  H.  Moore  of  Materials  iProcess  ^nglne^Hn^g/* 
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with^the  obwKf  panel  design  technology  program  was  Initiated  In  1974 
m««  providing  a  test-verifled,  stlffened-panel.  mlnlmum- 

T*snn  the  program  varied  between 

w?fh^a^ef*  Ibs./fnch,  Panel  sizes  varied  from  6  by  18  Inches 

with  a  single  stiffener  to  30  by  60  Inches  and  six  stlffpn^r^  an  nanoie 

rtlml^e^rfoi'^LV''"  Inte^^allJtlJ^dlJ^lSce!'  D^lgSrSlJe 

optimized  for  Toad  versus  mass  by  variations  In  fiber  pattern  and  “hat  "  “J  " 
I,  sine  wave  I,  solid  bade  and  honeyconi)  blade  stiffener  shapes  and  sizes. 

encerfor  each^tvnrS?^«*Jr/°  present  the  manufacturing  development  experl- 
of  stiffened  panel  design.  Details  of  tooling,  bag 
methods  of  layup  and  problems  associated  with  fabrication  are 
documented.  Both  successful  and  unsuccessful  manufacturing  technloues  are 
descr  bed.  Recommendations  for  the  best  state-of-the-art  manufa?tu?inq 
techniques  are  detailed  for  each  general  configuration.  ^ 
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INTRODUCTION 

Analytical  studies  of  structural  efficiency  have  Indicated  large  weight 
savings  are  available  using  graphite-epoxy  materials  Instead  of  metals  In 
Structural  design.  To  evaluate  the  merit  of  various  configurational  concepts, 
minimum  weight  composite  compression  panels  were  designed  by 
NASA,  constructed  under  contract  by  the  Douglas  Aircraft  Conpany  and  subse¬ 
quently  tested  by  NASA.  Stiffened  panels  of  the  following  configurations  were 
fabricated:  hat-stiffened,  J-stiffened,  I-stiffened,  blade-stiffened,  and 
honeycomb-blade-stiffened.  In  addition,  processes  were  developed  to  manu¬ 
facture  sine-wave-web  I-st1ffened  panels  and  orthotropic  Isogrid  panels.  Host 
of  the  panels  were  designed  to  meet  typical  commercial  aircraft  wing  or 
fuselage  corpresslon  panel  structural  requirements  Including  strength  and 
axial  and  shear  stiffness,  and  to  not  buckle  at  loads  less  than  the  design 
ultimate.  Panels  are  categorized  according  to  ultimate  design  lead  require¬ 
ments  as  lightly-,  medium-,  and  heavily- loaded.  These  categories  correspond 
to  axial  coupresslon  stress  resultant  loads  of  up  to  3,000  lb./1n., 

15,000  lb. /In.,  and  25,000  lb. /In,,  respectively.  The  most  successful  nanu- 
facturlng  process  Is  presented  for  each  type  of  construction.  Sufficient 

detail  Is  presented  so  that  the  use  of  unsuccessful  manufacturing  approaches 
might  be  avoided.  »  -t'l' 

Identification  of  commercial  products  in  this  report  is  used  to  adequately 
describe  the  test  materials.  Neither  the  identification  of  these  commercial 
products  nor  the  results  of  the  investigation  published  therein  constitute 
official  endorsement,  expressed  or  implied,  of  any  such  product  by  either  the 
Douglas  Aircraft  Corpany  or  NASA. 
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Materials  and  Curing  Cycles 

foOB^iMh/niT^*  fabricated  with  Rigidite  5208/1-300 
Resa.  ^AlTprepreg  materials  as  supplied  by  Narnco,  Costa 

specifications  by^inco^inn  minimum 

were  all  coated  with  FreKotS  3?  aiLi®h!i!t'^\^®oeAop  aluminum  mold  surfaces 

!•  Apply  full  vacuum  pressure. 

2.  Heat  to  250»F  with  full  vacuum. 

3.  Dwell  at  250“F  with  full  vacuum. 

a.  Heat  Up  Rate  «  l/2*F/minute  No  Dwell. 

c  nllf  mS  30-Minute  Dwell, 

c.  Heat  Up  Rate  «  7®F/minute  1-Hour  Dwell. 

4.  Apply  100  psi  at  completion  of  dwell  and  vent  vacuum  to  atmosphere. 

5.  Raise  temperature  to  350®F. 

6.  Hold  at  350®F  for  two  hours. 

7.  Cool  under  pressure  to  below  200*F. 

j.njre,s.  resulted  in 

during  the^'course^o/the^DTOaram*  number  of  panels 


TECHNICAL  APPROACH 

-WreSt  typeT.Vlrt%‘;,??;tto7st"fJeK’^ 

Task  1,  Hat  Stiffeners 


Task  2,  "j«  Stiffeners 
Tasks.  "I-  Stiffeners 
Tssk  4,  Solid  BTdde  Stiffeners 
Task  5.  Honeycomb  Blade  Stiffeners 
Task  6  Isogrid  Blade  Stiffeners 
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Or  POOR  QUALITY 

TASK  1.  HAT  STIFFENERS 

The  hat  stiffened  panels  were  designed  for  a  wide  variety  of  load  carrying 
conditions.  The  constructions  started  with  light  fairing  type  structure  and 
advanced  to  heavy  wing-llke  structure.  This  section  Is  presented  as  a  series 
of  experiments  to  fabricate  the  different  types  of  Integral  molded  hat 
stiffened  panels.  The  report  gives  the  details  of  manufacture,  Identifies  and 
discusses  the  problems  of  poor  quality  panels,  and  suggests  the  most  success¬ 
ful  methods  of  fabrication. 

1.1  Lightly  Loaded  Hat  Stiffened  Structure 

A  series  of  different  conc^ts  were  created  for  lightly- loaded  hat  stiffened 
panels  and  that  were  Jater  fabricated  into  test  panels.  The  tooling  for  all 
of  these  panels  consisted  of  a  flat  surface  tool  plate,  solid  male  mandrels 
for  the  hats,  and  a  suitable  vacuum  bag.  (See  Figure  1.)  Several  materials 
were  used  to  make  the  solid  mandrels. 


Cast  Silicone 

Aluminum 

Teflon 

Wash  Out  Plaster 
Foam 

FIGURE  1.  TOOLING  CONCEPT  FOR  LIGHTLY  LOADED  HAT  STIFFENED  PANELS 
1.1.1  Solid  Mandrel  Materials 

Aluminum  Aluminum  mandrels  required  a  very  high 

polish  surface,  along  with  a  fluorocarbon 
mold  release  to  allow  the  mandrels  to  be 
removed  from  the  part.  Aluminum  mandrels 
could  not  be  used  with  contoured  parts  or 
parts  that  had  edge  panel  skin  doubler  build 
up  where  the  hat  lapped  over  the  doubler. 

Any  bump  or  dent  In  an  aluminum  tool  caused 
the  part  to  adhere  to  the  tool  and  made  pari 
removal  difficult. 
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(Cont'd) 

Teflon* 


Wash  Out  Plaster 


Silicone  Rubber 


Solid  Teflon  mandrels  with  a  good  surface 

exJint  mandrels, 

except  that  mold  release  was  not  required. 

Teflon  ^ndrels  had  the  same  joggle  restric¬ 
tion  and  damaged  problem  as  aluminum 

"*andrels,  for  thin  walled 
sections,  could  be  removed  from  panels  with 
Wild,  constant  contour* 

P^*!*®’*  mandrels  did  not  require  as 
iralso  as  did  aluminum  mandrels. 

JLJ  !  restriction  on  contour  or 

joggle  of  hats  over  doubler  details  on  the 
skin.  However,  plaster  mandrels  were 
anrf  consuming  to  make  and  seal, 

mSdel  >  P*’’'  MS 

Several  types  of  foam  materials  (polyure- 
thane,  epoxy,  ana  i..odified  vinyl)  were 
considered  for  mandrel  materials  but  never 
used  for  this  program.  If  foam  were  used. 

with  the  panel  and 

added  weight  and  material  costs  to  each 

rnnh  ®  Toam  mandrel  would  not  limit  the 
contour  or  joggle  design  of  a  panel. 

silicone  rubber  mandrels  were  made  by 

technique. 

lirfarp  •®‘’  ®  reasonably  smooth 

was  more  forgiving,  in 
that  It  would  not  adhere  to  the  tool  as 

0*'  Teflon.  When  the 
f  rubber  was  removed  from  a  panel,  it 
tended  to  stretch  and  reduce  in  cross 
section.  This  reaction  made  mandrel  removal 
comparatmly  easy.  Although  silicone 

naturally  as  a  mold  release, 
some  of  the  epoxy  resins,  after  several 

The  rubber 

rpilfc  ’  Therefore,  a  fluorocarbon  mold 
®"  silicone  rubber. 

coulrf  were  soft  and 

could  be  formed  to  contour  or  joggled  over 

oaile  r?®  a  sk^n 

The  flexibility  of  the  silicone 

rubber  presented  a  problem  of  how  to  retain 

duHnn  °®®Tion  and  alignment  of  mandrels 
during  a  curing  cycle. 


*E.  I.  duPont  de  Nemours  &  Co, 
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M.2  Design  Concepts  for  Lightly- Loaded  Panels 


OF  4  ■*  w  O : \  Q 


iIl*dJtJil‘*in“this*sectioII^  Vightfy^lMderf^’J  P»”e^s  a**^  presented 

defined  as  structurewith’*  structure,  for  this  report,  is 

0.T2  incl,.  ThZI  ?  e  n,axLl  '""VX  t^ickSesrof 

flexible  vacuum  baa  and  antnri^l^"^ "  f  *’®  cured,  using  a 

typical  cap  deform?t?o^  K^in^f^Srl^  %hf  without  causing  the 
early  part  of  the  curing  cycle  allo2ad  fhl  viscosity  during  the 

sides  of  the  cap  reinforceLnt  flexible  vacuum  bag  to  distort  the 

resin  could  reach  a  stable  before^he''® 


TtooU 


figure  2.  CAP  DEFORMATION  FROM  FLEXIBLE  VACUUM  BAG 
1.1.3  Pressure  Bag  Material 

an  autoclave^cure?*^™  mater7als  were  used  for  processing  these  panels  in 
uken“?o  tn'24"u,artte'bL'’dM"' 

corners  between  the  hat  walls  and  inner  ctfn  bridp  in  the  concave 

sealed  to  the  tooling  olate  with  a  skin  surface.  The  nylon  bag  was 
Figure  3A.)  This  sys\e«rof  “est  (Sie 

thin  panel  fabrication.  ”  material  cost,  was  used  for  most  of  the 

panel. %ealefarthrLger^aJd°thefl^’ar^  stretched  over  the 

the  silicone  rubber  stretched  and^fJrmpH  ''^“+7  applied  under  the  bag, 
part.  (See  Figure  3B.)  ThiJ  ’^o  the  hat  shape  of  the 

system  capable  of  making  good  Juflity  ^Jels  °^irdid^3  ‘^“^ck  bag 

autoclav.  prhss;r?'i„“,h1™Jr„"|  A  SreL'^r^i^ 

into  the  corners  heiped  ninimi,.  Jm,  ?SerF1s;?e  SI!? 


6 


Of?fG}WAL  PACE  r.3 
OF  POOR  QUALITY 

sJHcone  rubber ^stS  ^\^SerFfoijre^3r**t®  tk*  calendered 

1/8  Inch  1„  ,h,cK  •«  forS  jver  , 

nylon  vacuum  bag  and  cured  In  an^oS^r  tm?  P®"®’*  under  a 

bagging  method  attempted  for  makinn  nnii/^«^^  method  was  the  most  expensive 
quality  parts,  partKarlJ  iJ  one  part,  but  It  did  give  good 

iJr  install  and^dld^help^h^l7thP^haf^w^^?!'’^®'^®•  ‘'''’®  i'onned 

the  deformation  of  the  uppe?  ca5'?efZJ«li? 

WPS  Sreater  than  0.12  Jh  L  sholn  Ms^re  z!  '*8 


Thick  Formed 
Silicone  Rubber 


figure  3.  VACUUM  BAG  MATERIAL  FOR  LIGHTLY  LOADED  PANELS 
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Y  1.T.4  Fabrication  of  Lightly- Loaded  Hat  Stiffened  Panel  A 

■'1 

•  Figure  4  shows  the  design  concept  for  a  simple  hat  stiffened  panel.  It  con¬ 
sisted  of  an  outer  contour  skin  and  a  continuous  hat  shaped  Inner  skin  with  no 
**'  extra  doublers. 


ORKjHNAL  PAGE  W 
OF  POOR  QUALITY 


i 


#  - 

C/ 

f* 

f 

f; 
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The  lower,  or  outer  skin,  v/as  laid  up,  ply-by-ply,  on  a  flat  tool  plate.  The 
mandrels,  coated  with  fluorocarbon  mold  release,  were  located  on  the  surface 
of  the  skin.  The  Inner  skin  was  layed  up  ply-by-ply  from  one  edge  of  the 
panel  to  the  opposite  edge.  The  panel  was  sealed  under  a  nylon  vacuum  bag  and 
cured  In  the  autoclave. 

Results 

It  was  possible,  but  difficult,  to  make  high  quality  parts  by  this  process. 

It  was  difficult  to  form  the  Inner  skin  ply-by-ply  layup  Into  the  concave 
junctions  between  the  hat  web  and  skin  without  bridging.  This  bridging 
problem  was  multiplied,  ply-by-ply,  during  layup  and  was  magnified  during  the 
curing  cycle.  Material  forced  Into  concav^olnt  as  shown  In  Figure  5  ® 
tends  to  pull  away  from  the  opposite  side  (B).  Plyen-ply  layup  is  dlfmult 
without  bridging  of  layers  as  shown  In  Figure  5  at  (b) .  Metal  tools  expand 
more  than  the  graphite  panel  during  the  curing  cycle  and  the  tool  expansion 
tends  to  ^se  a  tight  layup  to  lift  at  concave  corners  as  shown  In 
Figure  5  ©. 

In  addition,  It  was  difficult  to  keep  the  hat  location  aligned  within  the 
desired  tolerances. 


FIGURE  4.  TWO  SKIN  HAT  STIFFENED  PANEL  -  PANEL  A 


77y/////.^'HV////7777 


FIGURE  5.  PANEL  "A"  BRIDGING  PROBLEM 
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1.1.5  Fabrication  of  Lfghtly-Loaded  Hat  Stiffened  Pane]  B 

section^skin'^hat^stiffened^Danel^haf  *  modified,  inner  separate  overlapped 
bridging  prob  em  at  thl  haMj-skL  ' 

as  in  Section  1.1.4.  The  inner  hat  ^ifwa  layed  up 

center  of  one  skin  area,  over  the  ^  ^  sections  from  the 

the  adjacent  skin  area  with  the  next  inner  skin*detaii'*^*Tk®^  center  of 
under  a  nylon  vacuum  bag  and  cured  in  tUraStocl^Je?  ’ 

Results 

uniform  than  the  panel\n*SecUon^lfl!4.’  quality  of  the  panel  was  more 

1.1.6  Fabrication  of  Light ly-Loaded  Hat  Stiffened  Panel  C 

continuLs'’outeJ^skir^^ThrS5teJ  In  co-cured  and  bonded  to  a 

hat  stiffeners  leJe  layeS  Sp  as  seoaJat  “P  ^  5®‘=tion  1.1.4.  The 

Figure  7  shows  one  of  the  hats  with  extra^dJSb  mandrels, 

cap  area.  The  hat  details  and  reinforcement  in  the  upper 

panel  was  sealed  under  i  S?  sJl  The 

autoclave.  ^  silicone  rubber  vacuimi  bag  and  cured  in  the 

Results 

hats  had^the”llast\endency  f^brido^ill^th^"  to  fabricate.  The  individual 
Sti.f  aVb.en 

1.1.7  Wrapped  Hat  Stiffened  Panel  D 

heavier  load.  Thirconcept^featurL*a^"T''^^^^^f capable  of  carrying 
outer  skin.  Most  panels  mLewithIhl  "T"  iSint  al^ff  "^’^Tener  web  a2d 
in  the  upper  cap  section  a<:  chAwn  ^  included  extra  build  ud 

The  o„ie?’sk(n  Jaru;e3  p  "I  figure  8. 

With  the  fiber  orientation  and  fL  mandrels  were  wrapped 

the  Engineering  drawing.  Theresias  ICO^-'rceJt^oui  i^  material  specified  on 
mandrel  that  contacted  the  outer  sHn  tkI  ^  overlap  across  the  base  of  the 
the  outer  skin.  Additional  mafLiai"*  wrapped  mandrels  wer»»  located  on 

surfucP  Of  the  ou?er  ‘k?S  to  fom  t  o“a«aVTnf  ??? 

sealed  under  a  pylon  vacuon  bag  and  ou?ed  S  tN  lu'licIave!  """ 

Results 

build  up  renained  be'!w*approx1i«ate1yVl2'f!Icb"in'’tbrr 

Kys”  iiigii’^re^sr^a-Se"  £5 

for  a  compression  test.  chined  flat  and  parallel  in  preparation 
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FIGURE  6.  OVERLAP  TWO  SKIN  HAT  STIFFENED  PANEL  -  PANEL  B 


JL 


I^C<MFOeCEM£NT 


FIGURE  7.  INDIVIDUAL  HAT  STIFFENED  PANEL  -  PANEL  C 


FIGURE  8.  WRAPPED  MANDREL  HAT  STIFFENED  PANEL  -  PANEL  D 


t 


1.2  HEAVILY  LOADED  HAT  STIFFENERS 

«  nacnined  female  aluminum  mold  on  the  hat  side  «». 

^nfTatable  removable  mandrels  were  used  for  the  Internal  suJfacrof  llltT 

1.2.1  Tooling  and  Tool  Fabrication 

th.  .o„s 

1.2. 1.1  External  Tools 

J2SuirJdlf"’?h5\"fts^"’To5llJc  SI?|-  T  «1^nS7dSl?oJr 

weS^as  fJllowf:  matenals  considered,  or  tried  and  rejected 


Aluminum 


Steel 


Graphite 


Solid  Laminate  - 
Graphite  or  Fiberglass 


Solid  aluminum  blocks  with  machined  hat 
recesseii  shapes  made  the  most  satisfactory 
mold  mat>’'''1al.  Good  dimensional  tolerance 
and  surface  finish  were  obtained  using 
routine  metal  machining  practice. 

Steel  as  compared  to  aluminum,  was  very 
heavy,  was  more  difficult  to  machine,  and 
Slower  to  heat  up  to  curing  temperature  In 
the  autoclave. 


Solid  graphite  was  used  for  several  parts  In 
an  effort  to  obtain  exact  dimensional 
stability  during  the  curing  cycle.  The 
graphite  blocks  were  limited  In  size,  and 
the  surface  proved  soft  and  was  easy  to 
damage.  In  addition,  the  mold  release 
problem  of  part  removal,  without  taking  some 
graphite  tooling  surface  with  the  part,  was 
never  completely  solved.  ^ 


Solid  Laminate  female  hat  recessed  shaped, 
graphite/epoxy  or  fiberglass/epoxy 
materials,  were  considered.  All  panels 
required  for  this  program  were  flat,  and  It 
was  estimated  that  the  solid  aluminum 
machined  tool  would  be  lower  in  cost. 
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. '  rTtAvt  •'TV* 


Graphite  Skin/Honeycomb 


Silicone  Rubber 


1,2, 1,2  Internal  Mandrels 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 

1!**  considered  for  potential  ease  of 
mold  fabrication.  However,  wood  was  never 
used  because  of  the  danger  of  fire  in  an 
autoclave  and  minimum  predicted  life  at  a 
350*F  autoclave  environment.  The  time 
wquired  to  seal  the  wood  and  obtain  a  good 
surface  finish  made  the  estimated  cost  ^ 
higher  than  straight  line  machined  aluminum. 

A  graphite  laminated-skin  thin-honeycomb 
female  tool  for  the  hat  side  was 
considered.  It  offered  dimensional 
stability  and  a  fast  cure  heat-up  ratio. 

Such  a  tool  was  never  built,  as  the  cost  was 
estlTOted  to  be  far  higher  than  the  direct 
inachlned  aiumfnum  tools. 

A  solid  silicone  rubber  female  hat  recessed 
shaped  tool  was  cast  from  Silastic  "J"  as 
supplied  by  the  Dow  Corning  Corp.  Two  wood 
Mndrels,  to  the  exterior  dimension  of  the 
hat  stiffener,  were  located  on  a  plate  with 
a  surrounding  frame  and  used  as  the  mold  for 
casting  the  tool.  This  type  of  tool  made 
satisfactory  panels  when  the  cap  thickness 
was  below  0.12  inch.  However,  the  tool  was 
expensive,  subject  to  damage,  had  a  slow 
heat-up  rate,  and  produced  distorted  cap 
c® 'f^torcements  (similar  to  a  simple  vacuum 

bag,  see  Figure  2)  when  the  cap  thickness 
was  over  0.12  inch.  inicKness 


cycle  was  completed.  The  following  types  of  hat  mandrels  werrused! 


Solid  Silicone 


Solid  silicone  mandrels  were  cast  in  the 
female  hat  tools.  A  dummy  part  was  placed 
on  the  walls  and  cap  of  the  female  hat  tool 
between  .010  and  .020  inch  thicker  than  the 
wall  thickness  of  the  final  cured  part.  The 
dummy  parts  were  made  from  tooling  wax, 
aluminum  sheet  and/or  pressure  sensitive 
Mylar  tape.  The  extra  thickness  was  to  make 
the  rubber  mandrel  undersize  so  that  it 
would  fit  to  the  bottom  of  the  hat  when  the 
uncured  and  undensified  layup  was  in  place 
on  the  tool.  The  silicone  rubber  would 
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ORIGINAL  PAGE  13 
OF,  POOR  QUALITY 


Solid  Silicone  - 
(Cont'd) 


Hollow  Silicone 


expand  with  heat  to  create  the  desired 
curing  pressure.  Silastic  "J"  from  Dow 
Corning  and  Dspco  Cast  #1  yellow  from 
“0"  Aircraft  Products  are  examples  of 
acceptable  silicone  tooling  materials.  The 
steps  of  silicone  tool  and  part  fabrication 
are  shown  in  Figure  11. 

Hollow  silicone  mandrels  were  cast  in  the 
aluminum  female  hat  tools  in  much  the  same 
manner  as  the  solid  silicone.  The  only 
difference  was  that  an  aluminum  tube  was 
located  in  the  cavity  prior  to  pouring  the 
silicone  rubber  mandrel.  The  metal  tube  was 
removed  after  the  mandrel  was  cured  and 
before  it  was  used  to  make  the  composite 
panels.  See  Figure  12  for  detail  of  the 
fabrication  steps  of  making  this  type  of 
inflatable  mandrel.  Figure  13  shows  the 
aluminum  tubes  and  wood  end  blocks  in  place 
and  ready  to  pour  and  cast  the  hollow 
silicone  rubber  mandrel. 


Round  Extruded  Silicone 
Tube  Mandrel 


A  round  extruded  silicone  rubber  tube  was  ' 
used  as  an  inflatable  mandrel.  It  was  not 
successful  for  two  reasons.  First,  the  wall 
thickness  and  strength  of  the  silicone 
rubber  did  not  allow  it  to  expand  completely 
into  the  corners  of  the  hat.  Second,  this 
mandrel  did  not  offer  any  support  to  allow 
the  "wrap  around"  mandrel  lay  up  specified 
for  several  of  the  thicker  paneir.. 


Bonded  From  Flat 
Sheet  Silicone 
Inflatable  Mandrel 


This  inflatable  mandrel  concept  was  attempted 
in  an  effort  to  minimize  the  expansion 
required  to  obtain  pressure  in  the  internal 
corners  of  the  hat.  A  wooden  internal 
support  mandrel  was  made,  and  the  silicone, 
rubber  sheet  was  wrapped  around  the  mandrel 
with  100^  overlap  and  bonded  on  the  outer 
skin  side.  The  wooden  block  was  removed 
after  the  graphite  part  layup  was  assembled 
on  the  panel  tool  and  just  prior  to  starting 
the  cure  cycle.  The  wooden  blocks  were 
easily  removed  when  vacuum  pressure  was 
applied  to  the  part.  The  vacuum  caused  the 
tubes  to  expand  away  from  the  blocks  and  to 
inflate  against  the  walls  of  the  panel  in 
the  female  curing  tool.  The  problems  with 
this  concept  were  the  rough  joint  at  the 
edge  of  the  overlap  bond,  and  the  difficulty 
to  bond  uniform  size  mandrels  and  to  make  a 
tight  wrap  around  layup. 
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SILICONE  INTERNAL  MANDRELS 


SILICONE  INTERNAL  MANDRELS 


ORIc^T-iAL  !3 

OF  POOH  QL:--L;// 


FIGURE  13.  TOOLING  READY  TO  CAST-  INFLATABLE  MANDREL 


Extruded  to  Shape 
SIT f cone 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 

Standard  rubber  extrusion  dies  were  made 
to  extrude  siTicone  rubber  shaped  tubes  to 
the  desired  dimension  and  .060- inch -wall 
thickness.  Dapco  #250  yellow  silicone 
rubber  was  used  to  manufacture  the  tubes. 
This  mandrel  was  the  most  successful 
inflatable  mandrel  developed  to  date.  There 
were  no  rough  surfaces  and  no  bonds  to 
fail.  The  tubes  were  of  uniform  size  and 
wall  thickness.  The  extrusion  die  costs  to 
extrude  these  mandrels  were  moderate,  and 
the  tooling  fabrication  time  was  short.  The 
siTicone  extrusions  were  supported  on  wooden 
•  mandrels  during  the  lay-up  procedure,  and 

all  other  fabrication  steps  were  similar  to 
the  bonded  mandreT  process. 

1.2.2  Thick  Hat  Stiffened  Design  Concepts 

Many^configurations  of  thick  hat  stiffened  panels  were  designed  and  fabri- 

SftJhion  variations  ■’r.cluded  extra  materials  in  the  upper  and/or  lower 

orientation^of^nli^r"  overlaps  of  individual  plies,  number  of  plies,  and 

sHtioJ  H  h  T®  shows  the  cross- 

section  detail  of  a  typical  panel  fabricated  for  this  program. 

1.2.3  Typical  Hat  Lay-Up  Patterns  -  Medium-Loaded 

hat  stiffened  panel  dimensions,  number  of  plies  and  ply  orienta- 
gi^atly,  but  most  of  the  hat  stiffeners  were  layed  up*^by  one  of 
Jro  ^5.  -me  differences  iflaj-^  p?SceSure 

quamy  Jh^pfSelsTriote;.  encountered  and  the  resultant 

1.2.3. 1  Continuous  Material  Layup 

aluminum  tools  were  machined  with  female  recess  for  the  hat 

right,  on  and  into  the  aluminum  tool  as 

jScS  “n  lac"?  L!d 

SUM  required  a  "T"  joint  between  the  web  of  the  hat 
evf..a^r  0^  this  design  were  lower  strength  panels  without 

skiJ  (SefFiaSro  15A  reinforcement  between  web  and 

ni»«  ci«!k  A  1/2  inch  wide  strip  of  181  style  “B"  staqe  fiber- 

2lb  5o  IhJ  f  f  ’  ^®9s  and  inserted  at  all 

♦k^”k°I^i’"  intersections.  The  fiberglass  strip  angles  were  inserted  after 
Tk®  were  in  the  tool  and  the  tooling  mandrels  were  in  location 

Si  opuralll„7lo;"tJllS?L  „f 

^k  “P  without  bridging  in  the  concave  corners 

jJriStf  in  ^heSlroas!*®  p** 
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TYPICAL  MEDIUM  LOADED  HAT  DESIGN 


ORIGINAL  PAGE  19 
OF  POOR  QUALITY 


Difficult  to  Layup  in  Concave  Corners 


Better  Layup  in  Concave  Corners 
Layup  of  Sections  from  Left  to  Right 


Best  Layup  in  Concave  Corners 
Layup  of  Sections  from  Left  To  Right 


FIGURE  15.  TYPICAL  LAYUP  METHODS  FOR  MEDIUM  LOAD 


1.2 ,3.2  TOO*  Material  Overlap  at  Splice  In  Cap 

FIguM  15B  shows  an  example  of  a  two-ply  web  and  four-ply  cap  with  lOOX  over¬ 
lap  of  material  In  the  cap.  The  first  layer  of  material  on  the  tool  was 
located  from  the  edge  of  the  panel  down  the  web  and  across  the  hat  cap.  The 
second  layer  was  located  across  the  cap  of  the  hat,  over  the  first  ply  In  this 
area,  up  the  web,  across  the  skin,  down  the  adjacent  hat  and  across  the  cap. 
*11  procedure  was  repeated  until  all  webs  and  caps  of  the  hat 

stiffeners  had  the  required  nunber  of  plies  of  material.  Layup  always 
proceeded  from  left  to  right.  ^  r  ^ 

This  splice  overlap  fabrication  method  was  much  easier  to  fabricate,  without 
bridging  in  the  concave  corners  of  the  web/cap  joint.  The  splice  acted  as  a 
slip  plane  to  permit  a  tight  nonbridged  layup. 


1.2.3.3  SOX  Material  Overlap  at  Splice  In  Cap 

Figure  ISC  shows  an  example  of  a  lighter  weight  structure  with  a  two-ply  web 
and  three-ply  cap  with  SOX  overlap  of  material  In  the  cap.  The  lay-up 
procedure,  from  left  to  right,  was  Identical  to  the  100%  overlap 
(Section  1.2.3.2)  splice  In  the  cap,  except  that  the  first  ply  In  each  hat  cap 
only  covers  50%  of  the  width  of  the  cap.  These  panels  also  had  one-ply  fiber¬ 
glass  reinforcement  angles  at  each  skin-to-web  joint,  as  described  In 
Section  I.2.3.2. 


The  50%  splice  overlap  cap  fabrication  method  was  the  easiest  design  to 
fabricate  in  this  series  of  panels.  The  small  overlap  of  material  allowed  easy 
slippage  and  minimized  the  bridging  problem. 

1.2.4  Typical  Hat  Lay-Up  Pattern  -  Heavy  Load 

Heavily- loaded  hat  stiffened  panels  also  varied  In  the  details  of  dimensions, 
number  and  orientation  of  plies,  spacing  and  depth  of  hats.  Typical  heavily- 
loaded  hat  stiffener  type  panel  details  are  shov/n  in  Figure  16.  Along  with 
the  use  of  an  aluminum  female  tool,  the  same  detail  of  panel  layup  was 
required  for  both  a  solid  rubber  mandrel  and  an  extruded  hollow  inflatable 
silicone  mandrel  supported  on  a  wooden  tool  as  shown  in  Figt-e  17.  The  step 

by  step  layup  procedure  for  the  heavi ly- loaded  panel  shown  in  Figure  17  Is  as 
follov/s: 

0  pe  first  ply  was  layed  from  the  edge  of  the  panel  across  the  skin, 
down  the  web  and,  in  this  case,  halfway  across  the  first  cap. 

0  The  next  part  of  the  first  layer  was  layed  completely  across  the 
first  cap,  over  the  half  coverage  of  the  first  0  piece,  up  the 
v/eb,  across  the  inner  skin  surface,  down  the  next  web  and  halfway 
across  the  next  cap. 

0  AO®  fiber  orientation  reinforcement  ply  was  layed  the  width  and 
length  of  the  first  cap  over  that  portion  of  the  0  ply. 
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®  The  seconOayer  was  started  from  the  edge  of  the  panel  and  layed 
over  the  (p  ply  across  the  skin,  down  the  web,  and  completely 
across  the  first  cap. 

®  The  next  part  of  the  second  layer  was  started  halfway ^ross  the 
cap,  up  the  web,  across  the  Inner  skin  surface  [over  (f)],  down  the 
next  web,  and  completely  across  the  next  cap, 

®  AO*  fiber  orientation  reinforcement  ply  was  layed  thewidth  and 
length  of  the  first  cap  and  over  this  portion  of  the  (p  and  CP 
details.  ^ 

@  One  layer  of  material  was  wrapped  around  the  mandrel,  starting 

across  the  cap,  up  the  web,  across  the  base  of  the  hat  mandrel,  back 
down  the  web  and  over,  In  this  case,  a  0°  fiber  orientation  rein¬ 
forcement  ply  (8)  that  had  been  placed  on  the  first  portion  of  the 
wrap  around  ply  across  the  cap.  The  wrapped  mandrel  was  then  placed 
Into  the  female  cavity  ready  for  the  next  processing  step. 

The  general  step-by-step  assembly  sequence  used  for  this  type  of  wrap-around 
hat  stiffened  panel  is  shown  In  Figure  18.  This  entire  lay-up  assembly  was 
then  placed  in  a  vacuum  bag  and  processed  through  an  autoclave  heat  and 
pressure  curing  cycle. 
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original  pa®  ^ 


Silicone  Mandrel.  Wrap  Layers  Around  Mandrel 
With  100%  Overlap  In  Cap  And  Extra  0°  Reinforcement 
In  Cap. 


Layup  Two  Plies  Of  Skin,  Web  And  Cap  With 
Two  Extra  Plies  Of  0^  Reinforcement  In  The 
Cap,  on  The  Aluminum  Tool,  50%  overlap  of 
skin  in  cap  is  shown  in  "C". 


Locate  The  Wrapped  Silicone  Mandrel  Detail, 
From  B,  Into  The  Female  Cavity  In  The 
Aluminum  Tool. 


E 


p  <  TOg>C~~FCA,Te  ^1 


Layup  The  Skin  Doubler  To  The  Prescribed  Fiber 
Pattern  Over  The  Inner  Skin  And  Mandrel  Details 
Already  On  The  Aluminum  Tool. 


layup  Outer  Skin  On  Flat  Tool  Plate 


Invert  Outer  Skin  Layup  And  Tool  Plate 
Over  Inner  Skin,  Doubler  And  Stiffener  Tool 


The  Panel  Is  Now  Ready  To  Baq  And  Cure  In  The  Autoclave 


FIGURE  18.  WRAP  AROUND  HAT  LAYUP  PROCEDURE 
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1.2.5  Typical  Bagging  Procedure  for  Solid  Hat  Mandrels 

The  skins  for  the  lightly-loaded  solid  hat  mandrel  panels  »(ere  layed  up  on 
flat  tool  plates.  The  mandrels  were  placed  over  the  skins,  and  the  hat 
stiffened  portion  of  the  layups  were  completed,  A  layer  of  Armalon  separator 
film  was  cut  and  placed  over  the  layup  with  approximate  1/4  Inch  overlaps  at 
the  concave  Intersection  between  the  panel  skin  and  web  of  each  hat.  Fiber¬ 
glass  Style  181  or  Hochburg  bleeder  material  was  placed  over  the  Armalon  at  a 
ratio  of  one  ply  per  four  plies  of  graphite  tape  or  one  ply  per  two  plies  of 
woven  graphite  cloth.  The  bleeder  material  was  also  cut  and  overlapped 
1/4  Inch  at  the  concave  hat  web-to-skin  Intersection.  A  standard  nylon 
bagging  film  v/as  then  placed  over  the  entire  assembly  and  sealed  around  the 
periphery  of  the  tool  using  Schnee  Morehead  #9241  bag  sealant.  "Ears"  or 
loops  were  placed  In  the  bag  material  at  each  concave  hat  web-to-skin  Inter¬ 
section.  See  Figure  19.  Great  care  was  taken  to  always  minimize  or  eliminate 
bridging  In  these  concave  areas  during  part  layup,  location  of  Armalon, 
bleede'*  material,  and  nylon  bag.  This  assembly  and  procedure  was  mandatory  to 
Insure  a  good  quality  panel. 

The  heavily- loaded  panels  were  also  fabricated  using  the  standard  nylon  film 
as  a  bagging  material.  The  heavily-loaded  panels  were  made  with  the  use  of 
female  hat  molds,  flat  tool  plates  for  the  outer  skin,  and  solid  silicone 
rubber  mandrels  to  support  the  hats.  All  details  of  layup  were  predensifled 
as  flat  panels  and  later  formed  to  shape.  Therefore,  no  bleeder  material  was 
used  during  the  final  cure.  The  layup  and  mold  sections  were  all  assembled. 
Pressure  sensitive  tape  was  located  around  the  edges  to  cover  the  gap  between 
the  aluminum  hat  tool  and  the  skin  tool  plate  to  control  resin  flow.  Breather 
fiberglass  cloth  was  placed  completely  around  the  tool,  and  then  the  nylon  bag 
was  placed  over  the  part.  The  bags  were  either  placed  over  the  outer  skin 
tool  plate  and  sealed  to  the  female  hat  side  tool  or  the  complete  set  of  tools 
and  part  were  envelope  wrapped  as  shown  In  Figure  20. 

1.2.6  Typical  Bagging  Procedure  for  Inflatable  Hat  Mandrels 

Panel  layup  and  assembly  for  solid  mandrel  and  for  Inflatable  mandrel  tooling 
were  similar.  The  hat/web  details  were  layed  into  the  female  hat  mold,  the 
wrap  around  details  of  the  hat  were  layed  on  the  inflatable  mandrel  {with  wood 
internal  support)  and  then  inserted  Into  the  female  hat  mold,  and  finally,  the 
outer  skin  was  layed  in  position  and  the  outer  skin  tool  plate  located  into 
position.  Fiberglass  breather  cloth  was  laid  over  the  upper  tool  plate  and 
down  to  contact  the  Inflatable  mandrels.  The  upper  and  lower  nylon  vacuum  bag 
components  v/ere  then  located  on  the  part  as  shown  in  Figures  21  and  22.  Note 
that  the  Inflatable  silicone  rubber  mandrels  extended  three  to  four  Inches 
past  the  end  of  the  aluminum  tooling  and  the  wooden  support  tools  extended 
another  three  to  four  Inches  past  the  silicone  inflatable  mandrels.  This 
extension  was  to  allow  the  wood  to  be  pulled  easily  from  the  rubber  mandrels 
after  vacuum  was  applied,  but  before  start  of  the  curing  cycle.  The  extra 
length  also  allowed  the  silicone  rubber  mandrels  to  be  grasped  and  pulled  from 
the  panel  after  completion  of  the  curing  cycle. 
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FIGURE  19.  NYLON  FILM  BAGGING  PROCEDURE  WITH  SOLID  MANDRELS 


One  Side  Bag  Sealed 
To  Female  Hat  Tool 

/-T001_  plate 

/t 


ixL-L-LO. 


— . ^  _ 

////////// ///}/// //n//t/k 


■NYLON  8A<% 

TAPE  TO  SEAL  EO^S 


BA<t  sealant  FC3®:  BA& 
TO  TOOL  ALL  FOUR.  SIDES 


SILICONE  MANDREL 
FEMALE  HAT  TOOL. 

■  composite  panel 


Envelope  Bag 

/-TtOU  PLATE 


VACOVJN.4 


TAPE  TO  SEAL  EO^ES 
BA<^  seA’.Aj.rr 
NYLON  envelope  PA^ 
BREATHER,  CLOTH 


FIGURE  20.  ONE  SIDE  BAG  AND  ENVELOPE  PAG 
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Locate  Outer  Skin  In  Place 
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'iOREL  CONCEPT 


Of  poo^  QUALITY 


FinURE  22.  VIEW  OF  INFLATABLE  KANOREL  BAR  SEAL  METHOO 
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0''®'^  ^*1®  breather  cloth  on  the 

?nfTatibl2  mln!?laie  P'*^”®'"®  P^®^®  was  sealed  to  the  sflfcone  rubber 
of  nJi^i^ha!  J?T  t  ^®9  The  lower  sheet 

uDoS^^nviftn^hr^^ip^T®^  aluminum  female  hat  tool  to  the 

^^®  sides  of  the  inflatable  mandrels.  The 

tion^of^a^SlIS^nf  ^»n«’^4®  sanded  and  cleaned  with  iEK  prior  to  applica¬ 
tion  of  a  bead  of  D  Aircraft  Company's  Dapco  seal  #2000  in  the  contarf  ar^a 

the  oSpcrse??  #2000®on'th?i!ln  ?®rf  f241  bag  seal  was  then  loJatL  over 
*kl  #2000  on  the  inflatable  mandrels  and  on  the  matino  surfaces  of 

«lve  ’’ISA".  "‘S'  •*'•»  t™"  ?rihet 

selves  and  to  the  inflatable  mandrels.  Very  careful  testino  was  r*eniitrofi  fn 

easilv%enovL'^'"f  was  drawn.  The  wood  mandrels  were 

easily  removed  before  the  start  of  the  curing  cycle.  -wnareii  were 

Is^thrS^i^riaic'^K®®®^^  u®!  l^®^!o®s,  costly,  and  prone  to  developing  bag  leaks 
♦fnw  ^  materials  became  hot  during  the  curing  cycles.  The  nylon  baa  laterial 

Excess  SSlon^aJ  sealants  did  not  have^much  strength!  ^ 

Excess  nylon  bag  was  required  with  frequent  ears  to  allow  for  this  shrinkaae 

fSf  '’*3/“"  t"'  =«'•  The  most  critical  tte  f.rioS.  ?? 

the  vacuun  bag  was  after  the  250®F  tenperature  dwell  and  when  100  nsi  auto¬ 
clave  pressure  was  applied.  The  joinAouId  tend  to  sJ?ef?h  aid  bfeak  the 

Although  the  process  worked,  it  did  present  potential  bag  loss  oroblems  and 
SStLd^Jf'flbriStiSn.'"®^®"'"^  techniques  should  be  developed  for  this 

1.2.7  Fabrication  of  Hat  Panel  With  Formed  Silicone  Bag,  Panel  A 
FiSufi'^ls  carrying  ability  is  shown  in 

steo-bv  ®!]'^  “EP®''  ®®P  »'einforcement.  The  ^ 

^ep  by-step  layup  procedure  for  this  panel,  (see  Figure  23),  is  as  follows- 

^o/olatp'^^'^r?!'  °“J®'"  P®''tion  of  the  skin  was  layed  up,  ply-by-ply^  on  a  fiat 
skin  ^M®''  ®®P  doublers  were^layed  up  on  the  low®  • 

*  -j  Silicone  rubber  mandrels  were  coated  with  mold  releale 

and  located  onto  the  doubler  reinforcements.  The  first  half  of  the  inner 

In hat  mandrels.  (§)  The  upper  cap_build-up  doublers  were  laved  ud 
JkiJ  or  entation  and  locatio^  ©  The  second  half TtKnef 

Bagging  Procedure 

I«h"SIV4 1ea?L‘fo'tKktrt?orp?at“f  ^  "T">"  bag 

^®®®^  ^^P®  placed  under  a  1/4-inci)  thick  formed  to 

d^DlicaJl’r^rf  The  blanket  was  made  on  a  v^ooden^ 

upncate  part  from  calendered  silicone  rubber  stock  DAPCO  #250  and  cured 

nylon  vacuum  bag  in  an  oven.  The  formefsiHconr^anket 
T"'  the  edge  of  the  b  aSkIt  to  the 

unS  r'’  e  ;iaidTc  an!  r?r  ®®"  warfoJcS  ^ 

tool.  (See  Figure  24T 


.  .r/v.v" 
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formed  silicone  bag 
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Results 


Ihf  *yP®  **’®  "y^O"  bag  demonstrated 

the  severe  distortion  of  the  thick  upper  cap  area.  (See  Figure  24.)  It  was 
planned  that  the  ]/4-inch  thick  formed  silicone  rubber  bag  would  have  enough 
uac^fr-iT  eliminate  this  distortion.  Although  the  distortion  was  less.^it 

unsatisfactory.  The  laminated  skins  and  cap  became  very 
^t®  ^“**^”9  cycle,  and  the  autoclave  pressure  on  the  soft 
bags  forc^  the  distorted  shape.  The  silicone-formed  bag  did  aid  in  holdinq 

stiffeners.  The  formed  bag  also  minimized,  but  did 
defects  in  the  hat  web-to-skin  joint.  It  would  be  very 
♦ill  to  eliminate  all  signs  of  bridging  in  this  concave  area  for  this 
type  of  continuous  inner  skin. 

1.2.8  Fabrication  of  Hat  Panel  With  Formed  Silicone  Bag  and  Metal  Tool  Cap 

fabrication  of  this  panel  was  identical  to  that  described 
1.2.7  except  for  the  addition  of  a  metal  channel  in  the  silicone 
Fwl  ‘’®9  ’n  the  area  of  the  cap  of  each  hat  stiffener.  (See 

of  the  metal  channel  caps  in  the  rubber  bag  was  to 
stiffen  the  bag  to  give  and  hold  proper  shape  to  this  area  of  the  hat. 

Results 

ThA  greatly  improved,  but  still  not  always  perfect. 

thicknetl  but  this  gave  a  matched  mold  area  and 

cffcct  between  the  channel  cap  tool  and  the  interior  solid  silicone 
JSffrili  almost  inpossible  to  trim  the  exact  amount  of  prepreg 

fill,  and  not  over  fill  the  area.  In  addition, 
^nii variable  of  thickness/ply  of  prepreg  material  makes  the  exact 
volume  requirement  even  more  difficult  to  achieve! 

joggles  of  the  unfilled  area  of  the  cap,  there  were 
of  joggles  or  wrinkles  in  the  area  of  the  web  at  the  lower  edge 

of  the  tooling  cap  channels.  (See  Figure  25.)  ^ 

SnaiA^iiJVL”?^  Silicone  Rubber  Hat  Mandrels  and 

renaie  Hat  Side  Toni  Panel  C 

iIl^^tioII‘'f2°7  identical  to  that  described 

fSoi  silicone  rubber  female  hat  side 

C  C?rnfJrsiU«Jr'-0-  5?{  ""  P"''* 

Results 

the  panel  skins  and  hat  caps  v/ere  of  about  the  same  quality  as 
u"  Section  1.2.7.  The  same  distortion  occurred  in  the  thick 
cap  sections  above  0.12  inch).  The  trapped  Silastic  “J"  silicone  rubber  from 
♦kf  1  ®J^P®oded  and  distorted  the  soft  cap  areas  at  the  early  part  of 

the  curing _cycle  before  the  resin  could  gel  and  produce  a  rigid  surfaced  The 

idpnfirai®^  channel  as  a  tooling  aid  in  the  cap  area  behaved  in  an 

identical  manner  as  in  Section  1.2.8  (inproved  but  not  high  panel  quality). 
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FORMED  SILICONE  BAG 
METAL  PRESSURE  CAP 


FIGURE  25.  PANEL  B  HAT  STIFFENED  PANEL  CURED  WITH  METAL  TOOL  CAo  UNDER  ORESSURE  BAR 


OF  POO.J  V 


,VA£:oOM 


CAAT 

aUlCONJG 

(^oaees, 


al-umimum  plate 


/■mAPp«?1 


^lOO  PSI 
AulbctAve 


RESULTS  (1)  Soft  Thick  Cflo  Buildup  Deformed  Before 
Resin  Cured 

(2)  Metal  Cap  in  Tool  Reduced  Put  Not  Eliminated 
Cap  Deformation 


FIGURE  26.  PAMEL  C  HAT  STIFFENED  PAMEL  CURED  UNDER  A  SOLID 
SILICONE  MOLD 


Mandrels.^^PaSel^r  Aluminum  Female  Mold  and  Solid  Rubber 

In^the  hat  solid  blocks^of  alSmlSum^^^/i  aluminum 

<n«rte<l  ,„t„“  b'°  ata” Ln  «  ^1'':“;"'"’'''’  '»»  »"  ‘5^  naiSr'e™  o'be”' 

When  heated  in  the  autoclave  rubber  exoanslon 

compaction  for  high  quality  wibs  and  caps!  create  the  necessary^s1de^°” 

Results 

The  quality  of  the  panel  web  waii«  a«a4 

void  free  condition.  The  qualltv^nf^th'^^’^T  •’e Enforcement  were  In  oood 

would  actually  “frtKSre'sMilool  T?"”''"  ‘"o  ut’5?clnrr"?Sir 

except  for  the  waves.  ®  "oe  of  low  void  and  hllb’uMlItJ 

practical  tolerance  of  1  .0003  inrh  fK-  autoclave  pressure.  However  the 

IJye^'s'of™|or*?i!a«'^;’tb?c^'p““”"’“"“p'''^^ 
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1.2.11  Fabrlcatfon  of  Hat  Panel  With  Aluminum  Female  Mold  and  Hollow  Cast 
Rubber  Mandrels,  Panel  E 

The  construction  a^  fabrication  methods  used  for  this  panel  were  Identical  to 
ttat  described  In  Section  1.2.10,  except  for  the  silicone  mandrels  with  a 

29.)  The  objective  of  the  hollow  mandrels  was 
iLIiSlIfS  pressure  In  the  skin  area  of  the  solid  mandrels 

described  In  S^tlon  1.2.10,  and  to  obtain  a  flat  uniform  overall  quality 

mandrels  were  cast  In  a  similar  manner  to  the  solid  mandrels 
OT  iwt ion  1.2.10,  except  that  an  aluminum  tube  was  supported  In  each  hat 
cavity,  and  then  the  RTV  silicone  was  poured  to  cast  the  mandrel.  (See 
Figure  12.)  The  target  was  to  have  a  1/16  Inch  minimum  cast  wall  thickness, 
opposite  the  center  round  cavity.  In  the  web  area  of  the  mandrel.  It  was  very 
difficult  to  secure  these  tubs  tooling  aids  accurately  and  retain  this 
position  during  the  rubber  pouring  step.  In  general,  the  mlnlmtsn  wall 
thickness  varied  from  1/32  to  3/32  Inch.  These  hollow  mandrels  were  rigid 
enough  that  the  alumlnun  tubes  could  be  removed  from  the  mandrels  and  still 
allow  the  con^oslte  to  be  layed  up  without  distortion  (same  as  solid 
mandrols).  The  final  bagging  procedure  for  this  type  of  panel  used  a  nylon 
bag  film  sealed  to  the  metal  tool  and  hollow  silicone  rubber  mandrels 
identical  to  the  procedure  shown  In  Figures  21  and  22.  The  application  of 
autw lave  pressure  during  the  curing  process  caused  the  mandrels  to  expand  and 
produce  the  desired  molding  pressure.  (See  Figure  29.) 

Results 

The  quality  ^  panels  made  by  this  process  were  variable  from  near  perfect 

lu^  defects)  to  unacceptable  for  test.  See  Figures  30  and  31. 
The  quality  of  the  outer  skin  was  always  good  but  the  hat  cap  area  suffered. 
There  fc«re  frequent  voids  and  excess  resin.  In  particular  in  the  outer  edges 
or  the  hat.  The  cause  of  this  problem  was  credited  to  the  somewhat  soft 

^bber  mandrels.  It  was  often  difficult  to  force  the 
mandrel  to  the  bottom  of  the  hat  cavity.  Then,  when  pressure  of  the  autoclave 
fKi  mandrel  would  lock  in  the  wrong  position  and  friction  would 

thtfuirL  tf'®  Jwttom  correct  location.  The  nonuniform 

fho  walls  also  must  have  given  uneven  pressure  to 

the  part  being  fabricated.  The  hollow  silicone  rubber  mandrels  were  difficult 
and  expensive  to  fabricate,  and  a  contoured  mandrel  could  not  have  been  made. 
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t  CAST  HOLE  IN  RUBBER  REDUCES  EXCESS  UPWARD  PRESSURE 

•  THIR  SIDE  WALL  DOES  NOT  ALLOW  RUBBER  TO  BOTTOM 
e  RUBBER  LOCKS  IN  POSITION 

9  REDUCED  PRESSURE  IM  CAP  CORNERS 

•  RUBBER  CASTING  TIME  CONSUMING  AND  DIFFICULT  FOR  CONTOUR  SKINS 


FIGURE  29.  PANEL  E  HAT  STIFFENED  PANEL  CURED  IN  AN  ALUMINUM  FEMALE 
MOLD  AND  HOLLOW  RUBBER  MANDRELS 


de^HblflS^SMtlSj  rrir^MJeot  th^fth*’"®!?/®'"®  ^0  tf'at 

with  uniform  wall  thickness*  to  tKe  des1re5%hin<l®°"T(,'"*"‘^''®^*  '^®'‘®  extruded, 
by  the  •*D"  Aircraft  Products  Co  usIn^Daf^n  ”®''® 

(See  Figure  3;?.)  The  external  sl2e  nf  silicone  rubber, 

of  the  finished  hat.  The  ta?get^wndJer5aTl"tHrfcn«®^®‘‘  size 

Internal  tooling  aids  were  required  to  sunnnrt-^+hf^^*!*  '•nch.  Wooden 

the  wrap  around  lay  up  !rocSe  Isa^e 

procedure  for  this  type'^Jf  paSel  used  a  nvlJS  ha!!  J;?*®’*  •’®93lng 

tool  and  hollow  silicone  rubber  ^  film  sealed  to  the  metal 

application  of  au  oclale  JressurfSS  Jh.'J®'*!!  ^1  and  22.  The 

mandrels  to  expand,  unifofmlj  to  process  caused  the 

Figure  32).  omrormiy,  to  produce  the  desired  molding  pressure.  (See 

Results 

niaSufMtS™r5*p?o2e3,Ire^rfSbrlMtrtMck  I?’'*®  ”  “  5°°'’ 

stiffened  panefs.  TlJronlv  coIcSJ  „55  fL'S?  .Iieavy  load  carrying  bat 

'•'•”  SnS  S^'^an'd”  Kr'cl' 

KSb"e  ttrp?ecl«''detnrS  m  's”f  Pa"0' 

location  Of  each’^laSer  of  f^Eof.s'aoHos  and  the  direction  and 

typical  exanpfes  o?^or?L’?Sf’fbn"!:'S:’t  '  '^'9^'^  93.  34  and  35  are 
the  most  satisfactory  manufacturino^Loraf  ^fl^^P^l’y-step  description  of 
follows  for  the  heavily- loaded  hat’st?ffened"^Snei'de“gJ'sH'’;S*f?;;?J=55. 

5208/r-300  tape  lerllr&  tS  the  “^'"9  "armco 

tool.  See  Figure  37  J'^fo'^JJlnnups 


© 


down'the  f irst^hat”web^^across*tL*ra^  o^ge  of  the  panel, 

opposite  web.  (See  Figure  30  fj?  sta?t^!lf  1/4. inch  up  the 
sheet  to  size.)  Note  u?p  of  to  trim  of 

concave  area  of  tool  ^  tooling  aid  to  force  material  tight  In 


A  13-ply  0  section  was  laid  In  cap  area. 


THORNEL  300/5208 
^PLY  =  0.0052  (TAPE) 


0.&  (M, 
ISAPIUS 

\ 


Nx  =  14,800  LB/!'l.  =  0.004  LB/IN? 

Nx/L  =  493  LB/IN2  ET  3.7  x  lO*’  LB/IN 
Vi/AL  =  0.000689 LB/ 1 N^GT  =  0.87  x  108  L2/IN 


1.842  (M.- 
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<Kyi4s;Os/9(yi4s/eo/fe^/ 

♦  4y+4-&] 
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FIGURE  34.  TYPICAL  HEAVILY  LOADED  HAT  STIFFENED  DRAWING  DETAIL 


ALTERNATE  HEAVILY  LOADED  HAT  STIFFENED  PANEL  DRAWING  DETAIL 
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FIGURE  38.  START  OF  HAT  LAYUP  AT  ONE  EDGE  OF  TOOL 


(f)  One  ±  45*  section  was  laid  across  the  full  cap  width  over  the 
2  layer*  up  the  opposite  hat  web  side  from  T  *  across  the  skin 
area*  down  the  next  hat  web*  across  the  cap  and  1/4  Inch  up  the 
opposite  web. 

0  A  12-ply  0*  section  was  laid  In  the  cap  area. 

S&  One  1  45*  section  was  wrapped  around  the  constant  thickness 
extruded  mandrel*  mounted  on  a  wooden  mandrel  for  support.  A 
12-ply  0®  reinforcemei^  section  was  placed  acr^  the  hat  cap  and 
the  remainder  of  the  (s)  ply  wrapped  over  the  (§)  reinforcement. 
This  detalLwas  then  placed  In  the  cavity  of  the  tool  over  the  (T)* 
0*  and  0  plies. 

This  procedure  was  completed  from  left  to  right  across  the  tool  for  each 
hat  stiffener. 

0  One  layer  of  -  45*  tape  was  placed  across  the  total  skin. 

0  Three-ply  0*  sections  were  layed  In  each  hat  base. 

0  One  layer  of  -45®  tape  was  placed  across  the  total  skin. 

®  Three-ply  0*  sections  were  layed  In  each  hat  base. 

(Q)  One  layer  of  +45®  tape  was  placed  across  the  total  skin. 

0  Three-ply  0®  sections  were  laid  In  each  hat  base. 

0  One  layer  of  -45®  tape  was  placed  across  the  total  skin. 

0  Three-ply  0®  sections  were  laid  in  each  hat  base. 

0  One  layer  of  +45®  tape  was  placed  across  the  total  skin. 

0  Three-ply  0*  sections  were  laid  in  each  hat  base. 

(Q)  One  layer  of  -45®  tape  was  placed  across  the  total  skin. 


One  layer  of  Armalon  parting  material  was  placed  over  the  entire  skin  area. 

The  upper  1/4  inch  thick  aluminum  skin  tool  plate  was  placed  over  the 
Armalon.  The  edges  of  the  upper  tool  plate  were  sealed  with  masking  tape  on 
all  four  sides  to  the  lower  tool  to  trap  resin  in  the  panel  and  minimize  resin 
bleed  during  the  pressure  curing  cycle.  A  layer  of  fiberglass  breather  cloth 
was  placed  over  the  upper  tool  plate  and  down  over  the  upper  part  of  the  lower 
tool.  This  was  to  protect  the  vacuum  bag  from  any  sharp  edges.  Figure  39 
shows  a  typical  part  made  with  the  hollow  cast  silicone  mandrels  ready  for  the 
vacuum  bag.  Note  the  breather  cloth  over  the  mold  surface  and  the  cast  hollow 
inflatable  mandrels.  A  layer  of  Dapco  seal  #2000  and  a  layer  of  Schnee 
Morehead  #9241  bag  sealant  are  visible  at  the  end  of  each  mandrel.  The  wooden 
mandrels  were  removed  from  inside  the  silicone  inflatable  mandrels.  Short 
lengths  of  rigid  tubing  were  inserted  in  each  end  of  the  silicone  inflatable 
to  support  the  inflatables  during  the  bagging  operation.  These  ends  remained 
open  to  the  autoclave  to  obtain  the  desired  mandrel  expansion  when  the  auto¬ 
clave  was  under  pressure.  The  tubes  extending  from  the  ends  of  the  inflatable 
mandrels  to  support  the  inflatables  during  the  bagging  operation  are  clearly 
visible  in  Figure  39. 
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FIGURE  39.  layup  WITH  INFLATABLE  MANDRELS  READY  FOR  VACUUM  BAG 


A  nylon  vacuum  bag  was  placed  over  the  too?  as  shown  in  F (gures  2?  and  22.  A 
figure  of  the  vacuum  bag,  sealed  In  place  with  the  vacuum  outlet  in  place,  is 
shorn  In  Figure  40.  The  panel  was  cured  by  the  standard  autoclave  100  osi 
350’F  pressure  and  temperature  curing  cycle. 


Most  of  the  panels  were  cut  to  a  specified  size  and  potted  to  a  one-inch  depth 
on  each  end  with  a  room-temperature  curing  epoxy  casting  material.  The  ends 
wre  then  machined  flat  and  parallel.  Figures  41  and  42  show  the  end  views  of 
the  panel  described  in  this  section. 


Figure  43  shows  the  detail  of  the  potted  ends  of  a  different  two  hat  stiffened 
panel  ready  for  a  compression  test. 
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FIGURE  43.  POTTED  2  HAT  STIFFENED  PANELS  READY  FOR  COMPRESSION  TEST 
(BLADE  STIFFENED  PANELS  IN  BACKGROUND) 


TASK  2  J  STIFFENERS 


■J"  Stiffened  panels  were  designed  for  low  and  mediwa  load  carrying  condi¬ 
tions.  This  section  presents  the  methods  of  tooling  and  methods  of  layup  and 
assembly  for  integral  molded  “J"  stiffened  panels.  The  section  also  identi¬ 
fies  the  problems  of  manufacture,  including  panels  of  poor  quality,  and 
suggests  the  most  successful  method  of  fabrication. 

2.1  "J"  Stiffened  Design  Concepts 

Three  basic  configurations  of  "J"  stiffened  panels  were  fabricated  during  the 
course  of  this  program.  Variations  of  these  concepts  included  number  of 
plies,  orientation  of  plies,  location  of  overlaps  of  individual  plies,  and 
spacing  and  depth  of  the  "J"  web  and  caps.  Figure  44  shows  the  typical  detail 
of  the  three  design  concepts. 

2.1.1  Lightly-Loaded  Panel  With  Inner  Plies  Continuous  From  Cap  to  Cap 

The  lightly-loaded  "J"  stiffened  panels  featured  a  design  with  a  continuous 
ply  of  t45®  fib^ orientation  material  from  cap  to  cap.  (See  Figure  44A.) 

The  outer  skin  (|)  was  continuous  the  width  of  the  panel  and  w^a  mix^re  of 
0®,  i45®,  90®  fiber  pattern.  The  inner  skin  and  web  sections  (l)  and 
were  mainly  ±45®  fiber  pattern  and  were  continuous  from  the  top  side  ofone 
■J"  cap,  down  the  web,  across  the  inner  skin,  up  the  adj^nt  web  and  across 
the  under  side  of  the  second  "J“  cap.  0®  reinforcement  (3)  was  applied  for 
each  “J"  cap.  Additional  0®  reinforcement  was  added  at  t^  radius  to  fill  the 
potential  gap  at  the  intersection  of  the  web  to  the  outer  skin  (?). 

2.1.2  Medium-Loaded  Panel  -  Continuous  Inner  Material  for  "J"  Stiffener 

The  medium-loaded  "J"  stiffened  panels  featured  a  design  with  the  same 
continuous  ply  of  ±45®  fiber  orientation  as  that  described  in  Section  2.1.1 
and  a^hown  in  Figure  44B.  However,  in  ^'s  case,  the  upper  cap  reinforce¬ 
ment  Q)  was  thicker,  and  a  heavy  flange  0  was  designed  into  the  skin  at  the 
base  of  each  hat  web. 
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Medium  Loaded  "J" 


C.  Separate  "J" 


(^MAINLY  ^46*  ^  AUL  O* 

MA/NUY  t4&*  OUTSe  6K<W  O*  ±4S®  90* 

d^ALL  0»  ^  ALU  O*  ROUU 


FIGDRE  44.  "J"  STIFFEflED  PAflEL  DESIGN'  CONCEPTS 


2.T.3  Medfum-Loaded  -  indfvfdoaT  -j-  Stiffener 

f™  the  ether  -j- 

reinforcement  was  added  to  the  jXd'balS 

necessary  for  the  prescribed  Toad?  •*«  base  of  each  stiffener  as 

2.2  Tooling  and  Tool  Fabrication 

jj**  bhe^y-^t1ffrnerpJSlTs!®\^J^dd1t1on’^^^  "»tbods  of  making  the  tools 
Of  the  tools  and  the  quality  of  panels'*m^Jd"e  oTfhl^t^Sls^^'dlsc'usSeS?" 

5»r^^^a1hr~  ‘t??^hr 

thTr:hfeV«p°I„iS5  r?;?'lhrh«?'oTlhri'r?'  rether 

2.2,1  All-Rubber  Mandrels 

ilaSdrils!  «°JhS^?J  FlJuJS®46’^''  ^dSy“Dart*^^■'®*^’®^”®®"®“^‘'‘’ber 
ft  «n«J  tooling  wax  that  was^SweS  ^mn  /*u  ®  combination 

final  composite  ?anel!  ThS  ^blcke? 

tbe  rubber  mandrels  undersize  in  order  to  in«^^J?"®“  required  to 
An  place  In  the  tool.  The  durS  Jar?  was  loMtfw  «!  fit 

®*  and  an  aluminum  frame  wItE  waldfw  rSrnJf?  ®”  ®?  aluminum  tool  plate 

P  ate.  Location  and  suppo^plnfcsf  Se  irStlfT”!*  ^be  tbol 

first  part  to  hold  the  frame  ?b  were  Installed  after  failure  of  the 

fj®®®«1ng  cycle,  steel  suppoVt  p^ns?  l/^iEJh^Jui;"  ^^®  ‘‘‘'•"^"9  the 

tbe  comp letl  frame’  sil  S  r.’.h!!®'*®  «PProx1mate 

and  poured  to  the  top  level^f  tEe  alunlnSm^hSint  degassed, 

step  prior  to  pouring  the  silicone  SeT  lai  © •  The’deglsslng’ 

casting  free  of  voids.  ruDoer,  was  mandatory  In  order  to  obtain  a 

Results  of  Part  Fabrication 

JSlnt”!  ‘'?ho'5Vr.t‘'’J;r^?“h;  Of  enecceeteh,. 

pressure  and  caused  thranole  very  high  side  ^ 

?J^®l9ht  line,  m  addItloE!  the^thkk  ?ws^Sf  th^  » 

loaded  panels  were  unsatisfactory.  The^resl-^fiJ!  stiffeners  for  heavily. 

(S«  ‘fOf  thi?“  o';?/;'rhre.'n?Jo'??ed? 


- -y- 
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FIGURE  45.  BASIC  “J*'  STIFFENED  TOOL  CONCEPT 


FIGURE  46.  ALL  SILICONE  RUBBER  MANDRELS 


FIGURE  47.  NON-UNIFORM  THICKNESS  CAP 


t 


2.2.2  Rubber  Mandrels  With  Metal  Inserts 

1/2  iKhlJ  S?ept^SJde?  thf-^-  * Vh^Sb iSt^^wIs 

Results  of  Panel  Fabrication 

The  problem  of  high  side  pressure  and  bowing  of  the  "J"  stiffeners  was  soIvpH 
fabricatp3**^^H^^  lightly- loaded  design  with  thin-cap-thickness  panels  were 

2.2.3  Aluminum  Mandrels  With  Rubber  Pressure  Mandrels 

'slfJcoL^'Sb:?  ‘J  the 

«?  ;fsJs“:er‘j%Sr:,Sh"^oi^\r 

removed,  and  the  dimensional  critical  areas  were  controlled  by  solid  iJtal. 
Results  of  Part  Fabrication 

trLblPsnL"^'^^  concept  were  of  variable  quality.  The 

existed  Thp*'rf  ®  matched  mold  to  stops  condition 

Sdfel;  elS'cLVi^^r'n'JSriajn'^  "Sd.nsrtSe^DJ^L 
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2*2»4  ATuinfnufli  HdndrsTs  Pt*<icein>A  j 

essure  Cap»  and  Rubber  Pressure  Mandrels 

made  to  fit  between  the  two  alunfmim  lanw  pressure  plate  (T)  was 

pane,  process.n, 

Results  of  Panel  Fabrication 

*  minimum  of 

had  separate  “j"  stiffeners  11-  ^..?^^'^’^.-^°!'*  carrying  oanel  designs  that 

'""ar  akin"  PasfgJ'Si'tnrTSo^T” 

2.3  Typical  "J“  Stiffened  Panel  Assembly  Methods 

2*3.1  Lightly-Loaded  “J“  Assembly 

pressuJrfor'lo‘'minutel‘^at'’200<>F^®  tool  plate  and  densifled  under  vacuum 
placed  on  the  tool  and  arouS'tfe  s^fn^“'(s^"T1g^^^’5^';V''-- 

aluminum  mandrel^and^jJated^JIS^thr^'"  formed  on  the  silicone/ 

second  “j-  web  and  the  ?iah?  sLJ  ^111  the  space  Ken  th. 

panel  was  placed  in  a  con?eiJtioMT  L?SS  support  frame.  (See  Figure  SlD.^The 
clave.  (See  Figure  5lE.)  ^  vacuum  bag  and  cured  in  the  auto- 

Results  of  Panel  Fabrication 

Tke  panou  „Uh  HgH  ,oa0  and  thin  -o-  capo  >«no  of  good  goa,..,. 
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2.3.2  Best  Method  for  Fabrication  of  Medium-Loaded  Separate  "J"  Panel  Asseirfjly 

The  outer  skin  was  layed  up  on  the  tool  plate^  and  the  restraining  frame  was 
placed  on  the  too]  plate  (Figure  52A).  The  first  side  pressure  mandrel  was 
located  on  the  skin  and  against  the  restraining  frame  (Figure  52B).  The  “J“ 
beam  details  were  layed  up,  ply-by-ply,  on  the  aluminum  mandrels  and  placed 
together  (Figure  52C).  The  first  «J“  detail  and  tool  was  located  on  the  skin 
and  next  to  the  side  pressure  mandrel  (Figure  52D).  The  center  pressure 
mandrel,  the  second  "J"  beam  assembly,  and  the  closing  side  pressure  mandrel 
were  located  on  the  skin  and  Inside  the  restraining  frame  (Figure  52E). 

Finally,  the  pressure  cap  plates  were  located  over  the  "J"  cap  details,  and 
tne  panel  was  placed  In  a  nylon  vacuum  bag  and  cured  In  the  autoclave  by 
standard  procedure.  (See  Figure  52F.) 

Figure  53  shows  the  detail  of  the  tool  plate  and  support  frame  and  the 

alui^Jinum  internal  mandrels.  Figure  54  shows  the  mandrels 
assembled,  without  the  graphite  layup,  as  If  It  were  ready  to  Insert  In  the 
support  frame  on  the  skin  tool. 

Results  of  Panel  Fabrication 


This  method  was  the  best  method  for  fabrication  of  "J"  stiffened  panels  with 

panels  v/ere  of  good  uniform  dimensional  tolerances  and 
laminate  quality.  Figure  55  shows  a  two  stiffener  riiedlum  load 
1.4  potted  in  epoxy  resin.  The  ends  v«re 

machined  flat  and  parallel  In  preparation  for  a  compression  test.  Figure  56 
shows  an  end  view  of  the  same  panel. 
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TASK  3  SINE  WAVE  "I*  STIFFENERS 

P®ne^  was  designed  for  niedluni  load  carryinq  condl- 
tilfS  ‘I’'  “f  ‘“""9.  law.  ancl  >Sb?y  for 

3.1  Sine  Wave  "I"  Stiffened  Design  Concept 

prior  experience  with  *J“  stiffened  panels  was  used 
In  the  design  and  fabrlwtion  considerations  for  this  panel  The  dLinn 

thfbean  as  a^ierti^i  P  stiffeners  with  the  web  0  and  0  of 

xne  oea^  as  a  vertical  sine  wave  running  the  length  of  the  stiff^r 

<"  ‘"9  war 

3.2  Sine  Wave  "I"  Tooling  and  Tool  Fabrication 

Jt««  ("SI  ‘"a 

0  A  flat  outer  skin  tool  plate. 

®  periphery  of  the  panel  to  contain 

the  silicone  pressure  mandrels  (identical  to  the  “J"  beam  tooling). 

0  Hatched  left  and  right  side  metal  mandrels  for  the  sine  wave  web^ 
with  recess  for  the  upper  and  lower  flanges. of  the  "I"  stiffeners. 

0  Metal  pressure  plates  (floating)  to  apply  pressure  on  Parh 
individual  upper  “l“  stiffener  (:ap.  ^ 

0  Cast  silicone  rubber  between  the  retainer  frame  and  the  first  metal 

betweS'^throDDolitP®^'^®®"  ‘^®"5®»*-'^etal  sine  wave  mandrels,  and 
oetween  the  opposite  sine  ivave  mandrel  and  the  retainer  frame 

E  ite®  the^^e?ai^p^f°^'■®P^h°^  the  tooling  details  of  the  flat  tool 

Jnd  the  Jili™  aluminum  sine  wave  mandrels, 

anci  tne  silicone  rubber  pressure  castings.  * 

3.3  Sine  Wave  Panel  Fabrication 

siL-iJ?to^fhI®K  01"  the  sine  wave  "I"  stiffened  panel  was  very 

sSi?!I  2?3!2!  ^  a  "J"  stiffened  panel  as  dLcribed  i.i  ^ 

sine^JavrpaLl°^  The  the  details  and  assembly  method  used  for  the 

Mgure  buB.)  The  web,  upper  flange,  and  lower  flanqe  of  the  "T"  hpam  an,(  a 


f 
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FIGURE  57.  SINE  HAVE  "I"  STIFFENED  PANEL 


“PP®'*  ^^ange  of  the  first  -I"  was 

sine^wave  web  located  In  place  against  the  left  side 

frAmo  xnA  rubber  pressure  mandrel  was  located  between  the  retainer 

M  Xi  f d'siHi- 

“.T”'  “?  ”7"^  iS'posnL.'and'  thrnrafioo/Slc“o"J7™“ 

Flaure  MF  Thf*e-*°i  “PP®’’  ^'^8,  (See 

pJlilled  the  right  ^dge  of  the  panel  ^ 

and*^  ^hf  ’®®®ted  In  position  for  the  upper  cap  Tub  iers 

Figir?59?’v®''ThfnaiA7''’“'"  P''®f^“''®  P®'^^  were  located  In  p??it1on!  (See 
autoclave?*  Panel  was  enclosed  In  a  nylon  pressure  bag  and  cured  In  the 

Results  of  Panel  Fabrication 

"nt^nroflS/pS^I  ISoT^^ny;"'  “"'™'  ‘'''  «“ 

TASK  4.  SaiD  BLADE  STIFFENER 

The  solid  blade  stiffened  panels  were  all  designed  to  meet  tyoical  heavllv- 

4.1  Flat  Aluminum  Plate  and  Aluminum  Angle  Tooling 
n3d762)’co„“??«l^  c?:  “f  psnel  (see 


(a)  3/4  Inch  aluminum  tool  plate  for  outer  skin  surface. 

(b)  Wooden  mandrels  for  layup  and  densif ication  of  blades. 

(0  Aluminum  angles  as  tools  for  support  of  the  blade  walls  during  cure 
(d)  Aluminum  caps  for  a  bridge  between  the  aluminum  angles. 


The  outer  skin  ©  (see  Figure  63) 
pattern  per  the  Engineering  drawing 
and  densif led  under  full  vacuum  for 
pressure  to  room  tenperature. 


was  layed  up  as  a  32-ply  0  1  45°,  90° 
.  The  skin  was  placed  under  a  vacuum 
10  minutes  at  ESQ'T  and  cooled  under 


bag 
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STIFFENED  PANEL  CONCEPT 


FIGURE  61.  DETAIL  OF  AN  ALTERNATE  BLADE  STIFFENER  DESIGN 


The  outer  plies  of  the  blade  (?)  (see  Figure  63A)  were  layed  up  as  four-ply 

1  45*  skins  on  the  three  wooden  mandrels.  The  two  24-ply  0*  blade  inserts 

2  for  each  blade  were  layed  up  as  flat  panels,  densified  under  vacuum 
pressure  and  250“F  for  10  minutes  and  then,  upon  cooling,  cut  to  size  for 
length  and  width.  The  four  blade  inserts  (f)  ww  located  on  the  wooden 
mandrel  details.  The  inner  plies  of  the  blade  (3)  (see  Figure  63B)  were  layed 
w  as  four-ply  i^*  skins  on  the  wooded  tools  over  the  outer  blade  skins 

©  and  doublers  (V.  The  first  ^od  tool  block  and  skins  and  doublers  (T), 
and  (3)  were  placed  on  the  (5)  outer  skin.  (See  Figure  63C.)  Two 
I  1/2  inch  wide  strips  of  unidirectional  graphite  tape  were  rolled  into  rods, 
approximately  3/16-inch  diameter  and  the  first  rod  w«  inserted  at  the  radius 
intersection  between  the  blade  base  and  outer  skins  (4).  (See  Figure  6^) 

The  second  tool  block  with  skins  and  doubler  layup  were  located  on  the  (p 
skin  and  next  to  the  first  tool  block.  (See  Figure  63D.)  The  second  rolled 
rod  was  located  on  the  skin  at  the  base  of  the  blade.  The  third  tool  block 
and  skin  layup  was  then  located  on  the  (§)  skin. 

The  wooden  blocks  were  removed.  Aluminum  angles  were  placed  on  each  side  of 
each  blade,  and  a  separate  pressure  cap  was  placed  over  the  exposed  upper  edge 
of  each  blade.  (See  Figure  63E.)  This  entire  assembly  was  covered  with  a 
layer  of  Armalon  separator  cloth,  eight  layers  of  Hochburg  bleeder  cloth,  and 
placed  under  a  vacuum  bag.  (See  Figure  64.) 

The  panel  was  cured  in  an  autoclave  using  a  standard  cure  cycle  for  the  Nartneo 
5208/T-300  material. 

•  Heat  from  room  temperature  to  250°F  under  vacuum  pressure. 

•  Heat  up  at  rate  of  2®F/minute. 

•  Dwell  at  250*F  for  60  minutes  under  vacuum  pressure. 

•  Apply  100  psi  autoclave  pressure. 

•  Vent  vacuum  at  approximately  25  psi. 

•  Heat  to  350®F  and  100  psi. 

•  Cure  two  hours  at  350*F  and  100  psi. 

•  Cool  below  200°F  and  remove  pressure. 

Results  of  Panel  Fabrication 

This  fabrication  process  produced  a  poor  quality  panel.  The  thickness  of  the 
blades  was  not  constant.  The  angle  tool  sections  tipped  during  the  curing 
cycle  to  make  the  upper  edge  of  blades  thin.  The  angle  tooling  did  not  slide 
together  during  the  compaction  and  curing  cycle  and  the  lower  portion  of  the 
blades  had  high  void  content.  The  location  of  the  blades  on  the  main  skin  was 
not  held  with  precision.  The  quality  of  the  main  skin  was  good.  This 
indicated  that  the  cure  processing  cycle  was  proper. 
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ANGLES 


SOLID  BLADE  STIFFENED  PANEL  MADE  WITH  ALUMINUM  ANGLE  TOOLING 


0RIC.5MA’-  r;.-:"  m 
OF  P00r<  QUALfiY 


4.2  Flat  Aluminum  Plate  With  Channel  and  Angle  Tooling 

The  tooling  supplied  for  the  second  fabrication  concept  for  the  blade 
stiffened  panel  consisted  of  (see  Figure  65); 

®  3/4  inch  aluminum  plate  for  outer  skin. 

®  Aluminum  angles  as  tools  for  support  of  the  outer  edges  of  the  blade 
walls  during  cure. 

(c)  Aluminum  channel  as  tool  for  support  of  inner  edges  of  the  blade 
walls  during  cure. 

(D)  Aluminum  caps  for  a  bridge  between  the  angles  and  channel. 


1.  Poor  Thickness  -  Angles  Tip 

2.  Poor  Blade  Quality  -  Angles  Do  Not  Slide  -  Voids 


FIGURE  65.  SOLID  BLADE  STIFFENED  PANEL  MADE  WITH  ANGLES  AND  CHANNEL  TOOLING 
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sWe  of  the  blade  at  a  riohf  f  ^^^ure  65.)  The  object 

o-SilSlr  , 

.cco,..s.e.  .  ol't'^e 

pI«e.“"'(SM'F(g^e"6|.}’^“'  ‘‘“''f*®'  on  the  large  flat 

"•  ®  --  op  flat. 

J  E£-  SlfSl  "Mon’ril. 

Standard  cu?inf cKle^(S  aS  Se«ior4  same 


Results  of  Panel  Fabrication 

ESSii1~  Ki-tl-g—  Of  the 

were  thin  aJ,!  fho^?  compaction  and  cure  cyc?e  ThlV^PP®'';  than  slid 

goSf “;“^'“^A*o^'he\^e‘'ot^hei^'?' 

processing  S^lJ'JafpJJp^?:'"''  ““  S'"*'  ‘fco"L?c«?ng'  t‘h°hh"fcore 
4.3  Flat  Aluminum  Plate  and  <;nnw  c,-i- 
tooling  sopplieo  f„  1 

panel  consisted  of  (secViJ^M")/"'’''''""”"  ""“P'  P°r  the  blade  stiffened 
^  3/4  inch  aluminum  pTate  for  onfpr  cirn  / 

c  a""!:'?  wa'H '■”■ 

rohbe?,  '■'‘“'"PP  fra»e  to  locate  and  support  the  silicone 
“  P«-n"s?l&n^\2bh\ri\d7lf  “P  P>ade  sections  and 
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The  same  general  fabrication  procedure  was  used  as  that  described  In 
Section  4.1.  The  tooling  change  was  the  use  of  solid  silicone  rubber  mandrels 
In  place  of  the  aluminum  angles.  (See  Figure  66.)  The  silicone  rubber,  vdien 
heated  in  the  autoclave  to  obtain  cure  of  the  resin  in  the  laminated  panel, 
expanded  faster  than  the  surrounding  metal  frame.  This  expansion  caused  side 
pressure  to  develop  against  the  walls  of  the  blade  and  accomplished  the 
necessary  compaction  pressure.  (See  Figure  66.)  A  viooden  "durrsiiy"  part  was 
fabricated  and  used  as  a  mold  to  cast  the  solid  silicone  mandrels. 

Dapcc  #38-3  silicone  rubber,  supplied  by  "D"  Aircraft  Company,  Placentia, 
California,  was  used  as  the  casting  mold  material.  The  Dapco  #38-3,  parts  A 
and  B,  were  mixed,  degassed  under  vacuum,  and  poured  Into  the  mold.  The 
molding  was  allowed  to  cure  overnight  at  room  temperature  and  then  heated  to 
120®F  for  four  hours  in  an  oven.  The  rubber  sections  were  then  removed  from 
the  mold  and  post-cured  to  350®F  for  eight  hours.  Mold  release  was  applied  to 
the  silicone  mandrels  and  baked  in  place  for  one  hour  at  350*F. 

The  blade  layup  and  densif Icatlon  cycles  were  accomplished  directly  on  the 
silicone  rubber  sections.  The  layup^  the  outer^in  (s)  (see  Figure  63), 
the  blade  "skins"  and  reinforcement  (T),  (2)  and  (3),  and  the  filler  (4)  were 
all  accomplished  as  described  in  Section  4.1. 

A  metal  retainer  frame  was  placed  around  the  assembly  against  the  outer  walls 
of  the  silicone  rubber  mandrels.  The  entire  assembly  was  placed  In  a  vacuum 
bag  and  located  In  an  autoclave  for  cure.  The  curing  cycle  was  similar  to  the 
standard  cycle  described  In  Section  4.1.  However,  the  mass  of  the  silicone 
rubber  caused  a  slow  heat  rise.  The  tlme/temperature/pressure  curing  cycle 
was  modified  as  follows: 

•  Heat  from  room  temperature  to  235®F  under  vacuum  pressure. 

•  Heat  up  at  rate  of  0.5®F/ri1nute. 

•  Apply  100  psi  at  235°F. 

•  Vent  vacuum  at  approximately  25  psi. 

•  Heat  to  SSO^F  and  100  psi. 

•  Hold  SSO^F  and  100  psi  for  two  hours. 

•  Cool  below  200®F  under  pressure. 
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Results  of  Panel  Fabrication 


This  fabrication  process  produced  a  panel  free  of  voids  but  of  unacceptable 
thickness  and  dimensional  quality.  The  thickness  of  the  blades  became  thinner 
from  base  to  outer  edge  as  shown  In  Figure  66. 

The  skin  and  blade  all  had  low  void  content.  This  Indicated  the  curing 
process  was  proper. 

The  resin  became  very  thin  and  easy  to  flow  during  the  early  part  of  the 
curing  cycle.  The  rubber  mandrels  expanded,  and  the  pressure  on  the  soft 
upper  edges  of  the  blades  allowed  the  resin  to  be  squeezed  out,  and  the  net 
result  was  the  low  resin  content  thin  edge  blade.  The  thermal  expansion  of 
the  silicone  rubber  caused  it  to  expand  in  thickness  (height)  where  It  was 
restrained  only  by  the  100  psi  pressure  of  the  autoclave  bag.  This  resulted 
In  an  Increase  in  the  blade  height.  Finally^  the  rubber  mandrels,  being  of 
unequal  volume,  caused  unequal  pressure  that  resulted  In  out-of-tolerance 
blade  spacing  dimensions. 

4.4  Flat  Aluminum  Plate  and  Solid  Aluminum  Blocks  with  Cast  Constant  Thickness 

Silicone  Rubber  Mandrels  and  a  Support  Frame 

The  tooling  supplied  for  the  fourth  fabrication  concept  for  the  blade 
stiffened  panel  consists  of  (see  Figure  67): 

(a)  3/4  inch  aluminum  plate  for  outer  skin  (same  as  Section  4.1), 

@  Solid  aluminum  blocks  with  cast  uniform  thickness  (1/2  Inch) 
silicone  rubber  facings  for  the  blade  walls. 

A  metal  outer  retainer  frame  to  locate  and  support  the  mandrels. 

(D)  Aluminum  caps  for  a  bridge  over  the  edge  of  the  blade  sections  and 
between  the  mandrels. 

The  same  general  fabrication  process  was  used  as  In  Section  4.1.  The  tooling 
change  was  the  use  of  solid  aluminum  blocks  with  cast  1/2  Inch  thickness 
sili-  ■...'.e  rubber  facings  in  place  of  the  cast  solid  silicone  rubber.  (See 
Figure  67.)  Note  that  the  equal  thickness  silicone  rubber  expanded  In  a  more 
uniform  manner  than  the  unequal  size  100%  solid  silicone  mandrels  to  form  the 
side  pressure  and  compact  the  blade  v/alls  during  cure.  A  wooden  mock-up  part 
was  fabricated  for  use  in  making  the  silicone  rubber-covered  aluminum 
mandrels.  The  aluminum  blocks  were  cut  to  rough  size  about  1/2  inch  smaller 
than  the  required  size  of  the  molded  sections.  The  wood  mock-up  and  the 
aluminum  blocks  were  supported  on  the  metal  plate  tool  and  inside  the 
surrounding  holding  frame.  Dapco  #38-3  A/B  silicone  rubber  from  "D"  Aircraft 
Company  was  mixed,  degassed  under  vacuum,  and  poured  to  fill  the  gap  between 
the  mock-up  part  and  the  aluminum  blocks.  (See  Figure  67.)  The  casting  was 
allowed  to  cure  at  room  temperature  overnight  and  then  heated  to  120‘F  for 
four  hours.  The  castings  and  aluminum  blocks  were  then  removed  from  the  mold 
and  post  cured  to  350°F  for  eight  hours.  Mold  release  was  applied  to  the 
silicone  mandrels  and  baked  in  place  for  one  hour  at  350°F. 
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FIGURE  67.  SOLID  BLADE  STIFFENED  PANEL  MADE  WITH  SILICONE  RUBBER  COVERED  ALUMINUM  BLOCKS 
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A  separate  filler  tool  was  made  to  form  the  filler  Inserts  that  were  at  the 
base  of  the  stiffener  blades.  (See  Figure  68.)  A  1  1/2  Inch  wide  band  of 
unidirectional  graphite  tape  was  rolled  Into  a  rod,  located  In  the  tool  and 
pressed  to  the  desired  shape  at  room  tenperature.  All  thick  blade  panels 
fabricated  prior  to  this  date  had  considerable  distortion  In  the  joint  area  of 
the  skin  and  blade.  The  filler  material  was  an  estimated  amount,  was  hand 
rolled  Into  a  round  rod  shape  and  was  formed  to  the  near  triangle  shape  during 
the  processing  cycle.  Figure  69  shows  the  typical  cured  panel  condition  of 
the  material  at  the  skin  to  blade  joint. 

The  blade  layup  and  densificatlon  cycles  were  accomplished  directly  on  the 
silicone  rubber  surface.  The  Jay  uo  of  the ^ter  skin  (J)  Figure  63,  the 
blade  skin  and  reinforcement  Cl),  (2),^d  (3)  were  all  accomplished  as 
described  in  Section  4.1.  The  filler  (4)  was  described  above, 

A  metal  retainer  frame  was  placed  around  the  assenfcly  and  against  the  outer 
walls  of  the  silicone  rubber-covered  metal  mandrels.  The  entire  assenPly  was 
placed  In  a  vacuum  bag  and  located  In  an  autoclave  for  cure.  The  curing  cycle 
was  the  same  as  Section  4.3,  except  that  the  heat-up  rate  was  0.6®F/minute  and 
100  psi  pressure  was  applied  when  the  temperature  reached  245 ®F. 

Results  of  Panel  Fabrication 

This  fabrication  process  produced  several  panels  free  of  voids  and  of  accept¬ 
able  dimensional  quality.  The  thickness  of  the  blades  varied  less  than 
.020  Inch  from  top  to  bottom  and  one  end  to  the  other.  The  blades  had  a  total 
of  64  plies  of  material  which  means  a  tolerance  of  ,020  divided  by  64  equals 
to  .0003  Inch  per  ply.  This  thickness  Is  the  approximate  thickness  tolerance 
that  the  prepreg  material  supplier  can  be  expected  to  hold  for  material  cured 
In  Ideal  autoclave  curing  cycle  conditions. 

The  thermal  expansion  of  the  rubber  cover  caused  the  height  of  the  blades  to 
be  slightly  higher  than  the  surrounding  aluminum  blocks. 

This  fabrication  concept  offered  some  advantages  for  blade  stiffener  panel 
fabrication  over  all  other  methods  evaluated. 

a.  The  parts  produced  were  of  good  quality. 

b.  Matched  mold  quality  parts  were  made  on  tools  made  by  an  economical 
casting  process.  Even  though  a  mock-up  part  v/as  required,  the  costs 
of  close  tolerance  machining  of  matched  metal  dies  .'as  eliminated. 

c.  Parts  with  some  contour  and  parts  with  Internal  st  ^  build-ups  could 
be  fabricated  without  excessive  matched  mold  tooling  costs. 

d.  The  softness  of  the  silicone  rubber  allowed  overlaps  In  the  lay  up  to 
occur  In  random  locations  and  still  obtain  matched  mold  quality 
parts.  Overlaps  In  a  matched  metal  mold  would  either  cause  low  resin 
content  In  the  overlap  area  or  would  cause  the  mold  to  not  close  and 
thinner  areas  would  have  either  excess  resin  or  voids  In  the  cured 
panel. 
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ORIGINAL  PAGE  f9 
OF  POOR  QUALITY 


FIGURE  69.  SKIN  TO  BLADE  JOINT 


®  3/4-inch  aluminum  plate  for  outer  skin  (same  as  Section  4.1). 

®  Solid  aluminum  blocks  for  the  blade  walls. 

©  Cast  silicone  rubber  side  pressure  bars. 

®  A  Mtal  outer  retainer  frame  to  locate  and  sM>port  the  mandrels. 

,  ®  NSrthTLJSe’s!''*''" 

Aluminum  filler  tool  (Figure  68). 

The  same  general  fabrication  process  was  used  as  in  Section  4  4  The 

d»2xr;Ai  nljiss‘5?j  i«tK» 

machined  from  solid  thick  aluminum  stock  The 
and  cured  by  ?!:e^;Jo%?d"u?rd^%c?^^^^^^^^  ScliSS  l.l! 

densification  cycles  were  accomplished  directly  on  the 

rubber placed  around  the  assembly,  and  the  silicone 

r^?aiSeflraT  '^Se  hf aluminum  mandre^iand  ?he 

an  autoclain^r  cure  assembly  was  placed  in  a  vacuum  tiag  and  located  in 
sSctiJS  4  4  SJenf  ”"'®  «  ‘^at  described  in 

pressure  was  !SL  0.7»F/minute  and  the  100  psi 

P  applied,  without  dwell,  when  the  temperature  reached  250®F. 

aluminum  mandrels  in^pface^^  The^three  remainin"  the  solid 

allow  the  nhnfnn«>arsk  k®**  i  ®  remaining  mandrels  were  removed  to 

S  hf‘” 

l;S“'--V-'r  Sr 

o'r^n'Ja'no^rii  rc“m;r"o1s?Sr?^sr 
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ORIGINAL  PAGE  IS 


OF  POOR  QUALITY 


figure  70.  SOLID  BLADE  STIFFENED  PANEL  WITH  SOLID  ALUMINUM  MANDREL  AND  RUBBER  SIDE  PRESSURE  BARS 


PLACEMENT  OF  DENSIFIED  SKIN  ON  TOOL  PLATE 


Results  of  Panel  Fabrication 

This  fabrication  process  produced  several  panels  that  all  had  the  best  combina¬ 
tions  of  quality,  free  of  voids,  uniform  blade  height,  thickness  and 
location.  The  process  worked  equally  well  from  a  narrow  panel  with  a  single 
blade  stiffener  to  a  30-Inch  wide,  60-Inch  long  panel  with  six  blade 
stiffeners.  This  suggests  that  additional  width  and  nwber  of  blades  could  be 
pr^uced  In  such  a  panel  design  and  fabrication  method. 

This  process  seemed  to  be  the  optimum  fabrication  process  developed  to  date 
for  flat  blade  stiffened  panels.  It  does  have  the  requirement  that  edges  of 
all  lay-up  plies  oust  be  butt  jointed.  The  tool  would  not  function  properly 
If  nonuniform  thickness  skins  were  made  by  random  overlap  of  skin  layers. 

Contoured  panels,  or  panels  with  variations  In  skin  thickness  would  suggest  a 
tooling  cost  analysis  between  Section  4.4  and  4.5  procedures  to  determine  the 
better  process  for  a  particular  panel  or  pansi  size. 

4.6  Flat  Blade  Stiffened  Panel  With  Molded-ln-Place  Ribs 

One  Unique  six  blade  stiffened  panel  was  fabricated  with  two  rows  of  cross 
direction  ribs  Integrally  molded  In  place.  The  tooling  was  similar,  to  that 
described  In  Section  4.4  In  that  Individual  aluminum  blocks  were  machined  and 
1/2-inch  silicone  rubber  was  cast  on  the  inner  skin,  side  blade,  and  end  cross 
rib  surfaces.  A  dun®^  part  was  made  of  wood,  the  aluminum  blocks  were  placed 
In  position,  and  all  of  the  Dapco  #38-3  silicone  rubber  was  poured  at  once. 

Figure  74  shows  the  tool  with  the  retaining  pressure  frame  and  several  of  the 
Individual  pressure  mandrels  that  fit  between  adjacent  blades  and  ribs.  Note 
the  silicone  rubber  cast  around  the  aluminum  bars.  The  first  two  rows  of 
blades  and  the  first  row  of  cross  ribs  are  in  position.  The  pressure  mandrels 

were  removed  to  take  the  photograph.  A  densified  cross  rib,  with  flanges  that 

bond  to  the  lower  skin  and  both  blades.  Is  shown  In  the  upper  corner. 

Figure  75  shows  the  long  continuous  blade  section  being  hand  formed  to  the^ 

tool.  Note  the  use  of  a  heat  gun  to  soften  the  densified  material  and  assist 

In  the  forming  operation. 

Figure  76  shows  several  mandrels  in  position.  The  panel  skin,  first  blade, 
and  a  half  section  of  a  rib  are  clearly  visible.  The  first  half  of  the  second 
blade  will  be  folded  against  the  exposed  side  of  the  second  row  of  mandrels 
after  the  next  mandrel  section  is  placed  in  position  in  the  foreground. 

Figure  77  shows  the  two  flanges  of  the  cross  rib  folded  against  the  two 
pressure  mandrels. 

Figure  78  shows  all  blades  and  ribs  in  place,  and  all  mandrels  are  in  place 
except  the  last  full-length  side  pressure  blade  mandrel. 

After  this  operation,  an  overall  metal  pressure  plate  was  located  In  position, 
a  vacuum  bag  was  sealed  over  the  assembly  and  the  panel  was  cured  in  the  auto¬ 
clave. 

Results  of  Panel  Fabrication 

Figure  79  shows  the  completed  panel.  It  was  of  overall  acceptable  quality  and 
demonstrated  the  feasibility  of  this  concept  of  wing  skin  design  and  manufact¬ 
uring. 
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TASK  5.  HONEYCOMB  BLADE  STIFFENER 

5.1  Aluminum  Block  Tooling 

panel  consistS**oMsee'^Figure*^81):"  honeycomb  blade  stiffened 

®  3/4-inch  aluminum  plate  for  outer  skin  surface 

®  Slat™  u'SSTcSr:!"’ 

©  Aliinfnum  caps  for  a  bridge  betHsen  the  aliin1n»  blocks. 

oS^iPbl  c‘^„tc?':?tV?h°e"S?.S2!  "te'*F?gJJe*S,‘;'’?be"’ob*5t^’ 

Section  4.3),  on  solid  silkone  n1hhIJVn5?^k?  2  i  work  (reference 

pressure  to  room  teiroerature.  Syntactic  foamM?  5:2  under 

honeycomb  @  and  cured  and  thp^r+ha  ^  placed  in  aluminum 

and  lower  e^es  stabililed^iJh  the  rh®"  size  with  the  upper 

up  as  80-pTy  0°  pSs  and  densif^L  a?  ^5®  “PP®'’  ‘'®P"  ®  «®^®  ^®yed 

£r  ^;ir^ 

caps  »ere  Lde'by  cJring  tSe  ?h  ‘'““"‘J’-  All’reualping 

the  cap  reinforceK^rf?)  to  sizf^  fh»tl  ’"."'^“‘cctave  and  thee  trfnfng 
to  the  edge  of  the  synkctic  foamVeiSfnrr^d’^®^  '^^Pf  secondarily  bonded 
@  were  layed  ep  as  all  0*  fiL?  oalJ^S  ST”!"’'  T"®  '»»cr  doeblers 
Mpered  edges  and  densified  at  in^  the  Engineering  drawing  with 

The  lower  oensitied  at  250  F  for  10  minutes  under  vacuum  pressure. 
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position  on  the  densified  outer  skin  (l)  The 
♦  ^co  Mu*  honeycciRb-sfindwich  blades  (t)  and  (6)^^  laved  uo’as^ 

t  45*  fiber  pattern  flat  skins  and  densified.Mhe  (?nnMr  skii^?rf.? 
to  size  and  tent  to  a  90*  angle  on  a  fomt  block.  Thr(6)  lnSe?  skirias^ut 

denMr?«5"?  Mock.  The 

f2rMl^fha2”ii*^°"  ®I  ^^®  allied  the  details  to  retain  their  new 

JSS  skiS  ate  SrrIfTnJf  M®*i,  ^  inner  skin  was  placed  on  the 

cu-lnn  ,]?*  ^  block  was  ^aced  over  the  (D  skin.  A  laver  of 

If®*  placed  on  each  bonding  side  of  the  reinforced  honev- 

th?l^r*dJublSr^^®*M^®*4  *“‘’^*'^®“*’^y  was  then  placte  over 

xne  lower  doubler  i^and  against  the  outer  skin  (?)  of  the  blade  tka  fnrnmji 

out»  surfare^cCI^^  was  placte  against  the  honeycomb  tetail  ^  ate  the”"* 

^tinued  to  form  the  inner  (S)  side  honeycomb  skin 

Mf2®*i.  ^®  ®  tooling  block  was  locate^n  place  over  the  ® 

assLhTAd*?Mrn*J^®4.5°"?^®“^  ‘’^®‘*®*  second  honeycomb  blade  ^ 

f?  identical  mann^.  Aluminum  upper  pressure  plates  Qw  were 
®''®**  *‘’®  ®‘'9®®  0^  ^^®  ®  ®  toofing  bloSs.  Thirentffe 

M^Murn  j  l^yer  of  Armalon  separator  cloth,  eight  layers  of 

®®^  placed  under  a  vacuum  bag.  (See  Figure  81  )  The 

Results  of  Panel  Fabrication 

bli'es'relMjJrtS  P*""’-  T"*  '»'«»'«»  op  the 

the  blades  was  unsatisfactory.  The  tapered  bltee  tools  iid^nS  slide 

®"^  quality  of  the  skin  over  the  honeycomb  showed  areas  that  had 

Ph'  '!“>"ty  Of  the  biS  uppSr  dJoblS  cS“as 

placet"'^  PtecureO  and  wre  secondarily  bondeS  In' 

5.2  Aluminum  with  Cast  Silicone  Rubber  Surface  Tooling 

0  3/4-inch  aluminum  plate  for  outer  skin  surface. 

®  approximate  1/2 -inch  covering  of  silicone 

rubber  on  tooling  surfaces  (similar  to  Section  4.4). 

0  Aluminum  caps  for  a  bridge  between  the  aluminum  blocks. 

of  the  ^ling  was  fabricated  from  aluminum  blocks  0  with  a 
fnd  fSi  A?.™?  (See  Figure  82.)  A  wooden  mock-up  part  warmade 

between  th^blMk^^Sd^hi^  ’/2  inch  under  siz?  for  the  space* 

fraJIe  aloL  w?5h  tht  These  blocks  were  supported  in  a 

iTOckCJ?  si^cone  to  the  aluminum  blocks  and  to  release  from  the  woodel 
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figure  80.  HONEYCOMB  BLADE 
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sSc'tiSS's.’i  Sth'SS  ?o")7o™ra"1JM™i'*’TS  r* 

jfiJWssi.rr.??  ‘iS?  Sr ^  ‘“* 

d.«.f..d  -B-  «.se  C.nd7ti.„  .nd1S.?I?J„V“tKl,r??n*l.!!?^;c1,;" 

Results  of  Panel  Fabrfcatfon 

of^the*bTSer2!s‘’I^n1fSra‘*Md^shoSS^  iJSj’  quality 

cure.  The  rubber  SSlS^wSS  not 

wndrels  did  not  slide  sldLJJf  ?!L  Jhl  P»*«sswe.  The 

necessary  coqpactlon.  On  one^enrf*^?hL*KrtnfI^^l*k?  5'^**“'"®  t®  obtain  the 
tooling  did  slide  to  obtain  coraacMon^^fha'^^w^^**^®  stiffeners  where  the 
distorted  the  thick  rubber  caD?’£JSr*fh5S  ^l^iS®"®  **“*>P*>^  expanded  and 

skin  betwMn  bW«  ™s  If  |iSd  Jllmy?'*''  Th.  -itw 

S.3  Solid  Alwlnin  Hitb  Trwed  Rubber  and  Retainer  Frew 

It'f&leT'llleK'fL?^^ 

®  3/4-inch  aluminum  plate  for  outer  skin  surface. 

(D  Solid  aluminum  blocks. 

©  Silicone  rubber  side  pressure  mandrels. 

©  Metal  retainer  frame. 

each  side  of  the  assembled  tools  ^  nart"^  inches  of  space  on 

I«tfo'n‘1!l  2n“  described  In 

ISL%,lrKe“l„rdllLHE?S^ 

Silicone  rubber  blockfbetJeen  th^  “PPcr  cap.  Finally,  the 

to  obtain  the  side  coiisjactlorpfessure^ 

vacuum  bag  and  cured  by  a  standard  wjwllvl  fure  c^le?  "  ® 
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Results  of  Panal  Fabrication 

ply  thKs,V.mS  ti’tJ?;  feltloST"*’  •“'  “‘•'•'•I 

ngnre  8S  show  an  end  vie.  of  the  det.ll  of  the  honeycoab  Made  stiffened 
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ID  VIEW  OF  HONEYCOMB  BUDE  STIFFENED  PANEL 


TASK  6  -  ORTKOTRa>IC  laiGRID  STIFFENED  PANa 

Stiffened  ranel  was  designed  as  a  failsafe  concent  for  a  fuselaae 

SSm  J5*  ■1"!'  "f  •  2«-p>y  skf".  bSJcJ  MW 

tape,  and  an  87-ply  IsogrId  stiffened  conflouratlon  Th« 
eners  were  made  from  both  unidirectional  and  biwoven  5208/T-300  The 
general  construction  Is  shown  In  Figures  86  and  87. 

5JS?Jn”  IsogrId  panel  was  made  to  the  dimensions  on  the  Englneerlna 

t^erature  silicone  rubber  casting  compound  was  mixed 
t^i*w?+h  Into  the  wooden  dunsny  part.  This  was  to  make  the  rubber 

iSl  **®®®!*  ^®*’  IsogrId  structures.  After  a  cSrof  24  hourl  at 

the  casting  was  removed  from  the  ” 
wnop"  F®*t-cured  for  two  hours  at  250“F  and  four  hours  at 

350»F*tS  Sbtafn^2°  ?  then  sprayed  onto  the  rubber  casting  and  cured  at 
350  F  to  obtain  a  permanent  release  surface  on  the  tool. 

preplled  in  three  layers  (0®  tape.  0®  taoe  0/90® 
StMnr  i?i^J  *1!^^  c®^«cted.  The  preplied  material  was  cut^Into  ” 

too7^**ThS!  ^"+5  ^"to  the  stiffener  slots  of  the^rubber 

prowr  Il«  Sth°Sr?i7ff  the  strips  were  tried  to  obtain  strips  of  the 
proper  size,  with  parallel  sides  and  In  a  reasonable  amount  of  time: 

*he  time  needed 

to  cut  the  niaifcer  of  strips  in  the  part  made  this  method  Impractical. 

cutting  would  not  give  the  quality  that  was  necessarv  The 

nf  row  to  be  cut  thislay.  The  jet  st?IS?  pulled 
portions  of  the  strip  down  into  the  table.  puueg 

3.  A  band  saw  with  a  fine  toothed  rigid  blade  was  the  best  method  to  cut 
structural  plies  of  densified  carbon  laminate  A  stack 

by  JJshinfthe  ®"®  width  was  held^oJstant 

by  pushing  the  material  against  a  fence.  The  quality  was  coroarable 

to  a  razor  cut,  and  the  efficiency  In  cutting  2a s  far  betU?!^ 

'*®r®  ^0^0  ^^0  slots  of  the  rubber  tool.  One  strip  was 

laid  into  each  slot  running  across  the  width  of  the  tool,  fhebone  stfi?  2as 
each  of  the  angled  slots,  one  direction  at  rtime.  ?hiS  dJSu?^ 

was*Dla«d“Srthr^Mhh^''T  i®r®  wooden  dutnmy%rt 

was  placed  on  the  rubber  tool  for  compaction  of  the  stiffeners  The  oLt  wa« 

200"f  for  JO  ..inotos.  Ths  S?epifod  stScfcs 
rSfjnJ  where  the  strJps  were  overlapped  during  the  densifj- 

S“up  ?  a'n 

wJth  all  the’stffflSIrj'laJed'Jp? 

trlnwed^^to  size.^°°*  coinpacted  under  vacuum  and 
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onto  an  aluminum  skin  tool  plate.*  Frekoto^?3^w*/!!nn(lif?®*’*®®tJ^®"  bolted 

.«rf.c..  t.  5.  expo..,  t,  tS.  ?;!  .‘ra 

ply  of  A™ion*porous^™!eaSB*fi*I®^tSeen%h«  f*'’'’""’®  '•'“'lof  cloth 

Wup  strips  tn  plJce,  waTinverted^Md  ToiJff;  The  rubber  tool,  with  Isogrid 
framed  tool.  This  asseSlv  was  nlJrfJ  ..1?  ***  ®"  densifled  skin  In  tfie 

autoclave  by  a  standard  SS^T  lo8  psi  tJlShTu?  JSiSJ  cj?lj."'' 

Results  of  Panel  Fabrication 

potted  with  an  epoxy*^casting'*material  ***The'ends*h*"**\*"‘*  •’®®" 

parallel  for  a  compf-esslon  test!  The *DaISl  5®®"  and 

transfer  of  «ark  off  of  th.  1so“?dl’?te 
Rework  of  Test  Panel 

The  undamaged  portion  of"the*^Danel*w!is^s**  during  the  first  conpresslon  test, 
and  made  ready  for  rework  rranhlfa®*  separated  (cut)  from  the  broken  area 

sotln  wear.)  rnste"??o^.JS  ,<5208/T30^^ 

Tayer  of  FM-300  adhesive  film  to  ftSfa<n  f  !  "  fiber  pattern,  with  a 
and  the  skin.  (See  Figure  93.)  ®  *  superior  bond  between  the  Isogrid 

5oSu5  to°Ko"l'iX"e  ’■“SJon.- «">«  paoel  and 

freo  Of  wrfnuos,  to‘“S';  prlssro'’bir“'?hr'‘i„S?i''''  *"' 

Clave  under  standard  conditlon«”®TL®®f’  i  "®  w®re  cured  In  the  auto- 

casting  matorlairind "ho  0^3^;™  'P'-V 

compression  test.  machined  flat  and  parallel  for  a  second 

Results  of  Rework 

“K'hS  «r3S  pl’or1;'a3d'  JJIdt'  d‘°  ‘"t  ‘“I- 

Of  acceptable  quality.  P'^operly  and  produced  angles  free  of  wrinkles  and 
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FIGURE  93.  ANGLE  REINFORCEMENT  FOR  ISOGRID  ATTACHMENT  TO  SKIN 


DISCUSSION  OF  RESULTS 

»•«>»  ;f  proftoeney 

cooposite  structural  Dane  Is  with  dlflLIIf  advanced 

stiffeners.  A  nSr  ©rDan^s  of  Jntegral  molded 

early  stages  of  Se  program?  Thrmanuf2tSJiS2®'‘..‘*‘'*^*^^»  particularly  in  the 
improved  with  the  fabrication  deveTooment  end  tooling  concepts 

tasks,  almost  all  of  the  panels  were^f  JoS^JlJlity. 

Hat  Stiffeners 

minimura^fabrication^difficSty°and^w-cost^^  «  reliable  process  with 

Of  high  quality  as  long  as  th^  «pt^ap^^^°^i^^2ess"^^^^ 

stiffS^paTOirJith  thicrMpS! 

(requir^  a  machined  female  side  tool),  and  the  reliabtlitv 

marginal,  it  was  difficult  to  insur>A  a  ^®''eotlity  of  the  process  was 

^traded  Sll.T"' 

u*sSsS  ?hTiil!.°,1;i^„S'c';„'be“41SKh  14^'*  ■'“'•'"9 « 

development  in  this  area.  expected  with  further  process/tooling 

"J"  Stiffeners 

''S'"  “O  '«■< 

good  quality  parts.  Th4  was  no  difficultv  iIl*'r’*h9r'S4'®  P'*oooo5  for  making 
although  ca?a  must  bo  taken  to  ^hlnraid  f?‘>'-'«‘'on  of  these  parts 
the  proper  dimensions.  machine  and  cast  the  inner  pressure  tools  to 

"I"  Stiffeners 

The  process  described  in  Section  3.3  for  a  sine  wave  -r- 
reliable  and  repeatable  process  for  marMnn  J  stiffened  panel  was  a 

and  processing  concept  wL  the  same  as  the^«J"^<f1ffI^^w  parts.  The  tooling 
no  difficulties  in  fabrication  S  tL  cLJ  process.  There  wefe 

cast  the  inner  pressur^  twi??’  ^  ^  t®  "»achine  and 

Solid  Blade  Stiffeners 

Ldjool  would  rest  on  an  overlap  and  not'^41  profiN^  o°Ier™S'c“4l«5' 
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The  process  described  In  Section  4.6  for  a  blade  and  cross  rib  stiffened  panel 
was  only  used  once.  There  were  no  probleais  In  the  fabrication  of  a  panel  of 
••29",**“*^ The  soft  silicone  rubber  mandrels  allowed  overlaps  In  the  layup 
of  skin  with  no  fabrication  problems.  There  were  a  lar§9  nusber  of  Individual 
cast  silicone  mandrels*  but  there  was  no  requirement  for  close  tolerance 
expensive  machining.  The  tooling  costs  were  considered  moderate. 

Honeycomb  Blade  Stiffeners 

The  process  described  In  Section  5,3  for  a  honeycomb  blade  stiffened  panel  was 
a  tillable  process  that  offered  minimum  fabrication  difficulty  and  made  panels 
with  repeated  high  quality.  Tooling  concepts  and  cost  and  panel  lay-up 
tolerances  were  the  same  as  the  solid  blade  stiffened  panels.  The  steps  of  a 
precured  cap,  prebonded  to  the  honeycomb,  added  cost  to  manufacturing  but 
presented  no  fabrication  problems. 

Isogrid  Blade  Stiffener 

The  process  described  In  Section  6.  for  an  Isogrid  blade  stiffened  panel 
produced  a  single  panel  of  good  quality.  The  tooling,  although  requiring  a 
dun^  part,  was  a  simple  large  single  silicone  rubber  casting  with  nstal 
holding  frame.  The  hand  lay-up  process  was  very  slow  and  thus  expensive.  The 
design  concept  does  lend  Itself  to  automation,  and  the  blade  stiffeners  could 
proMbly  be,  with  development,  filaumnt  wound  on  a  reliable  and  economic 
basis.  Additional  attach  angles,  as  applied  as  a  secondary  rework  operation, 
seemed  mandatory,  to  develop  the  desirable  panel  strength  properties. 
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